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FOREWORD

There are many countries -where census data exist which are sufficiently
accurate to be .useful for demographic analysis, even though there are only very
defective vital statistics or none at all. It may be expected that, as a result of the
censuses to be taken in 1950 and 1951, there will be several other countries in
this position. In such countries it is possible to make estimates, by .the use of census
statistics alone, of many demographic indices which are normally obtained 'with
the aid of statistics derived from vital .egistration. Techniques for this purpose
have been developed in- several places and have made important contributions to
demography, most notably, perhaps, in the series of life tables for India covering
almost half -a century's mortality experience, for almost one-fifth of the world's
population.

A <;,o-ordinated investigation of the most important demographic characteris­
tics of the population of Brazil has been conducted in recent years by Dr. Giorgio
Mortara, Technical Advisor to the National Census Commission of Brazil. The
present volume contains four articles by Dr. Mortara dealing with various aspects
of this work. The first two articles describe techniques for computing life tables
and estimating the birth-rate. The methods described require only census data
on sex and age distribution. The last two articles deal with the computation of
marriage rates, reproduction rates and other indices by methods requiring census
data on marital status in the one case, and on the number of children born in the
other.

All these articles have previously been published elsewhere. The first was
originally prepared in English; the others have been translated by the United Nations
from the Portuguese. These articles were written independently over a number of
years and some topics are, therefore, dealt with more than once, from different points
of view. The articles have been assembled, translated and published by the United
Nations with the permission of the author in order to promote analysis of demo­
graphic trends in countries with deficient statistics. It is believed that technicians
in different parts of the world who are faced with the problem of analysing census
statistics such as those of Brazil, where vital statistics are not available, will find
these articles useful.
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I. LIFE TABLES 1

Generally .the construction of mortality tables
can be undertaken only for populations for which
reliable census data on age distribution, and sta­
tistics on the number and age distribution of
deaths, are available. But in some circumstances
it may also be possible to construct mortality
tables for populations lacking birth and death
statistiCs, provided reliable data on the age dis­
tribution are available from two consecutive cen­
suses. In order to demonstrate this possibility, it
will be convenient to introduce greater simplifica­
tion in the conditions of observation than obtains
in reality.

First, let us suppose that we are dealing with
a "closed" population, that is, a population not
disturbed by immigration or emigration.

This hypothetical population lacks birth and
death statistics, but it is described by two con­
secutive censuses, executed at the interval of ten
years, both perfectly reliable in the total enumera­
tion as well as in the particular classifications.
These censuses give the age distribution of the
population, by single years of age. In the· condi­
tions assumed, it will be possible to obtain from
the census data approximate information on the
number of births and on the number of deaths
that occurred in this hypothetical population in
the period oetween the two censuses, and hence
to calculate natality and mortality rates.

Assuming, for the sake of simplicity, that the
measurement of time begins with the instant of
the first census, and that the unit of time is the
year, -we shaH represent by "P' the total popula­
tion, by oL'x the population between ages x and
.;--+1 according to the first census, and by lOP' and
10L''" the corresponding data according to the sec­
ond census, taken ten years later. By IN' and 1M',
respectively, we shall represent the number of live
births and the number of deaths in the (i+ 1) til

·year following the instant of the first census.
We shall begin by determining the approximate

number of live births. The number lOL'0 of persons
living in the first year of age according to the sec­
ond census may be employed as a basis for the

1 Reprint of "The Calculation of Life Tables for Popu­
latiOQs Lacking Reliable Birth and Death Statistics, with
Application to Brazil" by G. Mortara. (Paper presented
to the Statistical Section of the Eighth American Scientific
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determination of the number of live births gN' in
the year immediately preceding· the instant of the
second census. It is known, indeed, from wide
international experience, that the number of per­
sons living in the first year of age, ascertained by
a census, is approximately equal to the number
of live births in the year preceding the census,
diminished by about two-thirds for the losses suf­
fered by death through the first year of age. There­
fore, representing by 9110 the rate of mortality for
the first year of age of the live births in the y~ar

preceding the second census, we may obtain the
unknown initial number of them from the approxi­
mate relation

oN' = lOL'oj(l- 29J70J3). [1]
It is obvious that, owing to the lack of death

statistics, the rate of mortality which appears in
the formula [I J cannot be precisely known. But it
is equally obvious that, assuming an approximate
value for it, we shall be able to calculate approxi­
mately the number of live births.

N a doubt the rate of mortality for the first year
of age may differ very much in different popula­
tions and vary strongly in the course of time. But
rarely does it reach levels higher than .27 or
lower than .03, which) practically, may be consid­
ered the limits of its variation. Therefore, if we
have no idea of the level of infant mortality in the
supposed population, we may assume; as its ap­
proximate value, the average of the two extreme
values indicated above, that is, .15. By the intro­
duction of this value in the formula [1], the num­
ber of live births in the year preceding the census
may be obtained by dividing the number of infants
under one year of age enumerated at that census
by .9. It may be easily verified that the number
obtained in this way differs by less than 9 per cent
from those that we should obtain by assuming the
one or the other of the extreme mortality. levels
indicated above. Therefore, the number of live
births can be determined with an approximation
sufficient to disclose its order of magnitude. This
knowledge, although only approximate, will con­
stitute a great progress in comparison with our
previous absolute ignorance.

Congress, Washington, D. c., 1940, and previously pub­
lished in the p,.oceeding~ of the Eighth AtMriclm Sci­
entific CQ1IgTi!,fJ.)



between the total number living according to the
first census and the number of survivors out of
them according to the second census. fJ) stands for
the extreme age in the population. The second
class can be determined only with approximation.
This second class is represented by the formula

(1) The deaths of persons who were alive at
the first census;

(2) The deaths of persons who were bom after
the first census.

The first class can he determined with absolute
precision if the census data are exact; it is repre­
sented by the difference

[5]

[3]

[4J

~
x= 10

x= W

x=9
~ loL'x

x=o

1=09

~ IN'
j= 0

between the number living in a given year of age
at the first census and the number of survivors
~ut of them in a ten years higher age, at the sec­
ond census, 'represents deaths that occurred in ag~s
comprised between x and x + 11. And the ratta

(oL'"- 1oL',, + 10)/OL'x [6]

is the corresponding rate of mortality.

If we represent by d'" the deaths from the ob­
served group that occurred between the ages x
and x + 1, by d'X+1 those that occurred between
the ages % + 1 and % + 2, etc., we may assume,
without risk of serious error for values of x greater

which gives the difference between the calcula~ed

total number of live births in the intercensal penod
and the number of survivors out of them at the
s-econd census. This second class will thus be de­
termined with an absolute error equal to that of
the calculated total number of live births.

By the hypothesis of an exact census, we know
exactly the number of deaths that occurred in ages
over ten years, all these deaths belonging to the
first class. On the other hand, we can know only
approximately the deaths that occurred up to the
age of ten years, since most of-them belong ~o the
second class, being deaths of persons bom tn the
interval between the two censuses.

The comparison between the age distributions of
living persons according to t?e two censuses. a11?ws
the approximate reconstructlon of the age distribu­
tion of the deaths belonging to the first class.
Indeed, the difference

2 By "absolute error" I mean the difference. ~tween
the known value and the true value of a statIstic; by
"relative error" the quotient of the absolute error by the
true value of the statistic:.

The number of births thus calculated may be
checked, and the acquired information can be ex­
tended, by the application of a similar proceeding
directed toward the calculation of the number of
live births in the second, third, etc., year preced­
ing the second census. Of course, the further we
go from the cenSUs date, the greater the possible
error introduced by the arbitrary hypotheses on
mortality. But generally it will be possible to de­
termine the total number of births occurring in
:the interval between the two censuses with an
error of less than 10 per cent

The knowledge of the population data oP' and
10P' will permit the determination of the average
population for each of the ten intercensal years' on
the ground of one of the usual hypotheses of regu­
lar increase. It will thus become possible to calcu­
late the crude birth rates for each of these years.
For instance, division of the assumed value of
RNJ by the mean population of the year immedi­
ately preceding the second census will give the
birth rate for that year.

Now we shall pass to the approximate determi­
nation of the number of deaths. Our assumed pop­
ulation being "closed", the ,.number of its .com­
ponents at the end of a given period will be equal
to their initial number, increased by the number of
births and diminished by the number of deaths that
occurred in the same period. In particular, between
the results of the two decemlial censuses, there will
exist the relation

lOP' = oP'+(oN'+lN'+··· +9N ')-(oM'
+lM'+ ... +~M'). [2]

Therefore, having obtained the approximate num­
ber of the births that occurred in each of the
intercensal years, we can immediately deduce from
the preceding formula the total number of deaths
in this interval and thence calculate the average
death rate for the intercensal period.

The absolute error in the total number of deaths
will be equal to that in the total number of births,
but the relative error will be larger if, as normally
occurs the number of deaths is smaller than the, .
number of births.2 If k denotes the ratlO of the
total deaths to the total births and b the relative
error of the total births, the relative error of the
total deaths will be B = b ;k. For instance, if
k = 0.70 and b = 0.07 then B= 0.07 :0.70 = 0.10.

The deaths occurring in the decennial interval
between the two censuses may be divided into two
classes.

2



than I, that about half of the a'x deaths had oc­
curred before the first census, and that about half
of the number a'X+10 occurred after the second
census.S We may thus write the approximate
relation

OL'X-10L'X+10 =O.5d'x + a':r.+1 +...
+a'X+9+ O.5d'x+to- [7]

By comparison between the two censuses, we
are able to know the total number of deaths rep­
resented by the first member of the preceding rela­
tion. How can we now distribute it by years of
age according to the scheme of the second mem­
ber?

In the conditions assumed, the problem cannot
be solved exactly, but generally we shall be able to
get a good approximation if we make use of a
life table for some other population, presenting
rates of mortality only slightly different from those
obtained for our supposed. population by the for­
mula [6] ; that is, Ix being the number living at the
precise age x, and Lx = 0.5 (lx+1x+1) the average
number living between the ages % and .z + 1 ac­
cording to the said table, the ratio

(Lx - Lx + lO)JLx [6 bis]

is to differ only slightly from the corresponding
ratio [6]. Representing by d'S. = Ix - 1"+1,
dX+1 = lX+1 - 1x + 2 , etc., the deaths that oc­
curred in the various years of age according to the
life table chosen, we can deduce from it:

Lx - Lx + 10 = O.Sax+ dx + 1+ ...
+ dx +& + O.5dx + 10' [7 bis]

Then, if we assume the age distribution of the
deaths in [7] to be proportional to that in [7 bis],
each of the unknown d'x numbers will be obtained
by multiplying the corresponding dx number by
the factor h

h= (OL'X-10L'X + 10)/(Lx -Lx +10)' [8]

Operating in this way for all the annual groups of
age, beginning from oL'0' we shall be able to ob­
tain the complete age distribution of the deaths of
the first class occurring in the intercensal- period.

The age distribution of the deaths of. the second
class remains to be reconstructed; that is, the
deaths of persons born after the first census. We

aIn the first two years of age, if we wish to obtain a
better approximation than that offered by [7], we may
use proportions differing from 0.5. For :r = 0 we may
assume that two-thirds of the d'. deaths had occurred be­
fore the first census; for x =1 the corresponding propor­
tion of the d', may be assumed to be three-fifths. For
1& =0 and 1& =1, these assumptions would require modi-
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may employ to this end a parallel procedure to
that applied for the first class. We shall begin by
calculating the difference

[9]

between the initial number of live births and the
corresponding number of survivors at the second
census, which represents the number of deaths
that occurred in the IN' group before the second
census. Then we shall calculate the rate of mor­
tality

(IN'- 10L'g-t)!IN'. [10]

In case we should find among the existing life
tables one in which the rate of mortality given by

(io - Lo - I) /10 = [10-.0 (lg - I +1 10 - t) J/10
[10 bis]

differs only slightly from the rate obtained from
[10], we shall assume the distribution of the
deaths in [9J by years of age to be proportional
to that of the corresponding deaths represented by
the numerator in [10 bisJJ deduced from the life
table selected.

We have described how the complete distribu­
tion of the intercensal deaths by years of age can
be estimated; it is also possible to extend the
application of the process so as to obtain this classi­
fication separately for each year of the decennial
period.4 Since the initial age distribution of the
population is known, thanks to the first census, the
knowledge of the age distribution of deaths, and
of the annual number of births, will permit the
determination of the age distribution of the popu­
lation at the end of each year between the two
censuses, and thence the calculation of the average
population of the decennial period by years of age.
The problem of the calculation of a life table for
the intercensal period can then be solved in the
ordinary ways.

Sometimes it will only be possible, or more con­
venient for theoretical or practical reasons, to
obtain the age distribution by larger age groups.
Even in this case, the process described will be
applicable with only a nioderate loss of accuracy,
provided the extension of the age groups does not
~xceed five years.

We can only hope to find that the hypothetical
conditions which have been assumed are realized

ficll.tions of the expression for L. given in the text, and
of the formula [7 bis].

40 The separate determination of the deaths that occurred
in each year of the decennial period between two censuses
allows the calculation of the crude death rate for each of
these years. But, owing to the process of determination,
these rates will represent the trend rather than the real
course of mortality.



·with an approximation sufficient to allow the fruit-
ful application of the process described. A "closed"
population does not permanently exist, but there.
are populations "nearly closed", that is, with mi­
gratory movements of very little relative impor­
tance. Moreover, there are no "absolutely precise"
censuses; but many of them indicate the total
number of the inhabitants with good approxima­
tion. As to the age distribution of the population,
each census presents more or less frequent and
large errors, which, however, can mostly be ap­
proximately corrected with the help of demo­
graphic technique.

On the other hand, the conditions may in real­
ity be more favourable than those assumed: for
instance, although the number of births and deaths
for the whole population is not known, the cor­
responding number for some section or group of
the same population may be known or some objec­
tive birth or death rate estimate may be available.
Those hypotheses concerning these phenomena
which are required by our process, will then be
founded on a more solid basis than that described
so far.

The process outlined above was suggested by
the needs of the investigation oil mortality in
Brazil and was tentatively applied to the Bra­
zilian-born population, which may be regarded as
"nearly dosed", i.e., as providing only a negligible
number of emigrants and receiving only a. more
negligible number of re-immigrants. Of this popu~

lation, the fourth Brazilian census (1920) indi­
cates the age distribution separately from that of
the foreign-born inhabitants of this country.. By
the aid of some prudent hypotheses it was possible
to deduce from the first (1872) and from the sec­
ond (1890) census the corresponding age distribu­
tions in the years 1870 and 1890.

The total number of Brazilian-born inhabitants
given by each. census was taken to be reliable,
though some necessary rectification was introduced
in the ·age classification, which was affected by
evident errors. The age distribution of the popuw

lation was calculated by groups of five years and
with intervals of time of five years. The age dis­
tribution of the deaths was calculated by groups of
five years and for periods of time of five years.
The distribution into groups of one year of age
was obtained by interpolation when it became
necessary.

After having calculated the age distribution of
the average population and that of the average
annual number of deaths for the periods 1 Sep­
tember 1870 - 31 August 1890 and 1 September
1890 - 31 August 1920, it was possible to under':'
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take the construction of a life table for each of these
periods.

This task was made less difficult by the circum­
stance that, although reliable data on births and
deaths for the whole Brazilian population were
lacking, there were available not only partial and
local. data, but also life tables for the population
of the Brazilian capitals taken together and sepa­
rately for the population of .the federal capital
(Rio de Janeiro).

As an illustration of the process described, we
shall demonstrate its application to Brazil for the
thirty-year period 1 September 1890 - 31 August
1920. It must be remembered that, since the for­
mulae given in the text refer to a decennial period,
they have to he modified for application to the
longer period considered; but the preceding expe­
sition can easily be adjusted to fit this longer inter­
val of time.

Table 1 shows how the data on deaths of the
first class (deaths of persons who were living in
1890) are determined from the age distribution of
the Brazilian-born population at the two censuses.
To this end, the number living in 1890 in the ages
x to % + 4 is compared with the number living
in 1920 in the ages % + 30 to ,X" + 34; the dif­
ference between these two numbers represents the
deaths that occurred in the intercensal period.

The ratio of deaths to the initial number living
gives the rate of mortality, which in table 2 is com­
pared with the corresponding rate deduced from
the Bulh5es Carvalho Life 'fable for Brazilian
Capitals ( 1920), revised and adjusted by the
author of the present paper (to be briefly desig­
nated as "1920 life table (BC Cap. Adjust.)").
The observed rates are lower than those deduced
from this life table in the lower ages, and higher
in the middle- and old-ages, but the relative differ­
ences between the two series of rates are small, as
appears from the right-hand column of the same
table.

Table 3 shows how the data on the deaths of the
second class, that is, how deaths of persons bom
after the 1890 census are determined by the dif­
ferences between the calculated numbers of births
in quinquennial periods and the corresponding
numbers of survivors in 1920. The ratios of these
deaths to the initial numbers of live births give
the rates of mortality, which are compared in
table 4 with that deduced from the 1920 life table
(BC Cap. Adjust.).

The subdivision of the 503,880 deaths observed
during the thirty-year period by minor intervals of
age, proportionate to the corresponding deaths of



the 1920 life table (Be Cap. Adjust.), is illus­
tr'ated by an example given 'in table 5.

Table 6 shows, by quinquennial groups of age,
the average population and the average annual
number of deaths that occurred in the period
1 September 1890 - 31 August 1920, that is, the
final elements on which the calculation of the life
table was based.

Table 7 presents the fundamental data of the
1890-1920 life table for the Brazilian-born popu­
lation, that is: the ra~e of mortality, the number
of survivors and the complete expectation of life

at each whole age %, and the number of deaths
between the ages % and % + 1.

Finally, in table 8 the data of our Brazilian life
table ior some selected ages are compared with
the corresponding data of other life tables. The
most peculiar characteristic of the Brazilian mor~

tality consists in the heavy tribute paid to death
in the middle ages, as appears from an inter­
national comparison of the age distribution of
deaths (see central section of table 8). Some com­
ment on this subject and other characteristics of
our life table would be highly interesting, but it
would lead outside the scope of the present paper.

TABLE 1

Calculation of the number of deaths that occurred between the dates
1 September 1890 and 31 August 1920, for persons who

were living at the earlier date

Number jivittg Number living Deaths that QC(UN'cd
;nl890 i»1920 between 1890 and

Age in 1890 (in thou.sands) Ages in 1920 (in thousands) 1920 (in thousands)

0- 4.......... 2,378.3 30-34 1,759.5 618.8
5- 9...."...... 1,900.1 35-39 1,4362 463.9

10-14.......... 1,648.8 40-44 1,158.7 490.1
15-19.......... 1,425.8 45-49 921.9 503.9
20-24..... : .... 1,225.5 50-54 728.9 496.6
25-29 .......... 1,041.4 55-59 561.0 480.4
30-34 .......... 879.6 60-64 413.9 465.7
35-39 .......... 736.7 65--69 287.4 449.3
40-44 .......... 610.1 70-74 182.7 427.4
45-49.......... 497.3 75-79 101.8 395.5
50-54.....'..... 396.8 80-84 46.3 350.5
55-59.......... 307.3 85-89 15.3 292.0
6()....Q4 .......... 230.0 90-94 3.0 227.0
65-69 .......... 162.8 95-99 .2 162.6
70-w ........... 205.2 I()()....., 205.2

0-0> 13,645.7 3O-I.l 7,616.8 6,028.9

-'-
No/e. All data in this and the following tables relate to the Brazilian-born population of

Brazil.
In the original calculations the data were approximated to the nearest tenth or, in the higher

ages, to the nearest unit.

As we have said already, it will be extremely
difficult to find real populations exactly fulfilling
the conditions assumed in our theoretical treat­
ment of the subject. But the success of our appli­
cation to Brazil attests the possibility of practical
and useful employment of the process devised, in
conditions only approximately corresponding to

the initial hypotheses. Particularly for Latin­
American countries our process could find a wide
field of application, for the past as well as for the
near future when new census~s will supply the re­
quired data, that is, the age distributions of the
locally-born populations.



TABLE 2

Mortality rates calculated on the data of table 1, and a comparison of them
with those deduced. from the 1920 life table (BC Cap. Adjust.)

Age in 1890 Age in 19Z0

Rate of mortality Corresponding rate
between the age in from the table Be
1890 and t/wt in CGp. Adjust.
1920 (per 1,000) (perl,GOO)

Ratio of the
first to the
secondraU

0- 4 .
5- 9 .

10-14.. .
15--19.••.'••.•.•
20-24 .
25-29 ..
30-34.•.••.•••.
35--39 ' .
40-44 .
4~9 .
50-54 .
55-59 .
60-64 .
65-459 .
70-"' .

30-34
35-39
40-44
45-49
50-54
55-59
60-64
65--69
70-74
75-79
80-84
85-89
90-94
95-99

10lH.l

260.2
244.1
2972
353.4
405.2
461.3
529.4
609.9
700.6
795.0
883.3
950.3
987.0
998.5

1,000.0

275.8
254.0
299.0
349.9
395.4
446.3
510.7
589.3
680.5
778.6
871.9
944.6
985..3
998.4

1,000.0

.943

.961

.994
1.010
1.025
1.034
1.037
1.035
1.030
1.021
1.013
1.006
1.002
1.000
1.000

TABLE 3

Calculation of the number of deaths that occurred before 1 September 1920,
of persons who were born after 1 September 1890

Deaths t/wt oc~
Years Live births curred between the

preceding in the N umber living date of birth and
the cen.sus years stded in 1920 31 AI/flust 1920

of1920 (in thousands) Age in 19Z0 (in thousands) (in thousands)

0- 4.......... 6,682.1 0-4 5,375.6 1,306.5
5- 9.......... 5,881.1 5-9 4,328.8 1,552..3

10-14.....•.... 5,176.4 10-14 3,710.4 1,466.0
15--19 .......... 4,556.0 15-19 3,172.0 1,384.0
20-24.......... 4,009.9 20-24 2,653.5 1,336.4
25-29.......... 3,529.3 25-29 2,188.0 1,341.3

--- -- --
0-30 29,834.8 0-29 21,428.3 8,406.5

TABLE 4

Mortality rates calculated on the data of table 3, and a
comparison of them with those deduced from the

1920 life table (Be Cap. Adjust.)

Age in 1920

Ratt of mortality CorresPonding rate
between birth from the table

and ihe age ..tated BC Cap. Adju.st.
(perl,OOO) (per 1,000)

Ratio of the
first to the
secQ'uJ rate

0- 4 .
5- 9 .

10-14....•.....
15-19 .
20-24 .
25-29 .

195.5
263.9
283.2
303.8
338.3
380.0

6

235.6
310.5
325.5
341.3
371.7
408.6

.830

.850

.870

.890

.910

.930.



TABLE 5
Example of the calculation of the age distribution of the

observed deaths, proportionate to that of the
1920 life table (BC Cap. Adjust.)

(This example applies to population ~ed 15-19,
living at the census of 1890)

DeatJu within agt inteTvals

Ages

15-19 .
20 ..

2{)-24 .
25 .

25-29 .
30 .

3{)-34 .
35 .

35-39 .
40 ..
4~4.•........

45 .

Total

Table BC Cap. Adjust.

1,257
1,782
1,836
1,857
1,868
1,906
1,931
1,995
2,032
2,123
2,172
2,288

23;047

Brazilian-born
populalion1890-1920

(adjusted)

27,480
38,960
40,140
40,600
40,840
41,670
42,220
43,620
44,430
46,410
47,490
50,020

503,880

Note. The data represent the differences between the average num­
ber living in the ages from;; to ;; + 4 and the number surviving at
precise age % + 5, or the differences between the number surviving
at precise age :r and the average number living in the ages from $ to
;; + 4. The data of the first column were deduced from the life table
mentioned. Those of the second column were calculated according to
the assumption that the age distribution of the total of 503,880 deaths
(which appears rounded to 503.9 thousands in table 1) was propor·
tional to that of the 23,047 deaths of the first column.

TABLE 6
Average population, average annual number of deaths, and central

death rate by quinquennial age groups, for the Brazilian-born
population in the period 1 September 1890-31 August 1920

Agt

Average population Average annual number
(1890-1920) of the of deaths (1890-1920)
given age group in the given age group

Cen/ral death
rate per 1,000

(set note)

{)- 4 .
5- 9 .

1{)-14 .
15-19 .
2{)-24 .
25-29 ..
30-34 .
35-39 .
40-44 .
45-49 .
50-54 .
55-59 .
6()....Q4 .•.•......
65-{)9 .
70-74. .
75-79 .
80-84 .
85--89 .
90-94 .
9S-w ..••....••

(}.....,

3,700,562
2,955.711
2,528,842
2,161,527
1,810,232
1,500,382
1,243,319
1,028,390

844,289
685,415
546,151
422,808
314,257
220,472
142,106
80,567
37,437
12,655
2,521

204

20,237,847

253,270
15,823
8,432

13,151
19,652
18,314
17,102
16,300
15,759
15,387
15,084
14,698
14,093
13,096
1l,490
9,139
6,155
3,124

975
129

481,173

68.44
5.35
3.33
6.08

10.86
12.21
13.76
15.85
18.67
Z2.4S
27.62
34.76
44.85
59.40
80.86

113.43
164.41
246.86
386.76
632.35

23.78

N nfl'. The c~ntl'aI death rate is the ratio of the average annual number of
deaths to the average population.
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TABLE 7

Life table 1890-1920 for the Brazilian-born population&

RGte of morfGlity Complete e:rpec·

Ag~ at age:; Survivors Gt DeGths between tation of life

:Ii (per 1,000) age:; ages:; GtUl.s+l at age:;

0 .......... 170.03 100,000 17,003 3925

1. ......... 62.93 82,997 5,223 46.19

2.......... 30.44 77,774 2,367 48.25

3.......... 15.81 75,407 1,193 48.75

4.......... 10.57 74,214 784 48.53

5.......... 6.88 73,430 50S 48.04

6.........• 5.98 72,925 436 47.37

7.: ........ 5.18 72,489 376 46.65

8.......... 4.49 72,113 324 45.89

9.......... 3.93 71,789 282 45.10

10........... 3.51 71,507 251 44.27

11 ......••.. 324 71,256 231 43.43

12.......... 3.14 71,025 223 42.57

13 .......... 3.23 70,802 228 41.70

14.......... 3.53 70,574 249 40.83

15 .......... 4.05 70,325 285 39.98

16.........• 4.82 70,040 338 39.14

17..•.••..•. S.85 69,702 -408 38.82

18.......... 7.17 69,294 496 37.55

19 .......... 8.81 68,798 607 36.81

20.......... 10.01 68,191 682 36.14

21 .......... 10.79 67,509 729 35.50

22 .......... 11.14 66,780 744 34.88
23 .......... 11..32 66,036 747 3427

24.......... 11.51 65,289 752 33.65

25 .......... 11.72 64,537 756 33.04

26.......... 11.94 63,781 761 32.42
27.......... 12.18 63,020 768 31.81
28.......... 12.43 62,252 774 31.20

29•...•..... 12.71 61,478 781 3()..58

30 .......... 13.00 60,697 789 29.97
31 •......... 13.30 59,90S 797 29.36
32 .......... 13.63 59,111 806 28.75

33.......... 13.99 58,305 S15 28.14
34...••••••• 14.36 57,490 826 27.53

3$ .......... 14.76 56,664 836 26.92
36.....•.... 15.18 55,828 "848 26.32
37........... 15.63 54,980 859 25.72
38•••....... 16.11 54,121 872 25.12
39..... , .... 16.62 53,249 885 24.52

40.......... 17.16 52,364 899 23.93
41 ..•..••... 17.73 51,465 912 23.34
42.......... 18.35 50,553 928 22.75
43 .......... 19.00 49,625 943 22.16
44....... , .. 19.69 48,682 958 21.5&

45.......... 20.43 47,724 975 21.01
46 .......... 21.22 46,749 992 20.43
47.......... 22.05 45,757 1,009 19.87
48 .......... 22.95 44,748 1,027 19.30
49.......... 23.90 43,721 1,045 18.74

50.......... 24.91 42,646 1,063 18.19
51 .........• 25.99 41,613 1,082 17.64
52 .......... 27.15 40,531 1,100 17.10
53 .......... 28.38 39,431 1,119 16.56
54 ...•..•••• 29.70 38,312 1,138 16.03

Do This table will be cited hereafter as the "Brazil 1890-1920 life table".
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TABLE 7 (Continued)

Life table 1890-1920 for the Brazilian-born population":

Rale of mortality Complete expec-
Age at agex Survivors at Deaths between .Iotion of Ufe

# (per 1,000) ogex ages s and x+l ot age x

55 ......•... 3tH· 37,174 1,156 15.51
56.....•.... 32.62 36,018 1,175 14.99
57.......... 34.23 34,843 1,193 14.48
58 .......... 35.95 33,650 1,210 13.97
59.......... 37.80 32,440 1,226 13.48

60.......... 39.78 31,214 1,242 12.99
61 ........•. 41.91 29,972 1,256 12.50
62 ......•.... 44.19 28,716 1,268 12.03
63 ..•.•.•..• 46.64 27,448 1,281 11.56
64 •••••••••• 4927 26,167 1,289 11.10

65 .......... 52.10 24,878 1,296 10.65
66.......... 55.14 23,582 1,301 1021
67.......... 58.42 22,281 1,301 9.78
68 .......... 61.95 20,980 1,300 9.35
69 .......... 65.76 19,680 1,294 8.94

70 ......•... 69.87 18,386 1,285 8.53
71. ......... 74.31 17,101 1,271 8.13
7~ .......... 79.10 15,830 1,252 7.75
73 ......•..• 84.28 14,578 1,228 7.37
74.......... 89.89 13,350 1,200 7.00

75 .......... 95.96 12,150 1,166 6.64
76-. .....•... 102.54 10,984 1,127. 6.30
77 .......... 109.67 9,857 1,081 5.96
78 ........•. 117.42 8,776 1.030 5.63
79.......... 125.83 7,746 975 5.31

80........... 134.96 6,771 914 5.01
81 .......... 144.91 5,857 848 4.71
82.......... 155.73 5,009 780 4.42
83 .......... 167.52 4,229 709 4.15
84.......... 180.37 3.520 635 3.88

85 .......... 194.39 2,885 561 3.63
86 .......... 209.70 2,324 487 3.38
87 .......... 226.44 1,837 416 3.15
88.......... 244.74 1,421 348 2.92
89.......... 264.78 1,073 Z84 2.70

90.......... 286.72 789 226 2.50
91 .....•••.• 310.79 563 175 2.30
92.•.••..... 337.19 388 131 2.11
93 .........• 366.18 257 94 1.93
94 .......... 398.05 163 65 1.76

95 .•........ 433.10 98 42 1.59
96..••...... 471.68 56 27 1.41
97 .......... 514.19 29 15 1.26
98.......... 561.07 14 8 1.07
99.......... 612.80 6 4 .83

100., ........ 2 2

• This table will be cited hereafter as the "Brazil 1890-1920 life table".
Note. The rates of mortality were calculated from data for one-year age groups, ob­

tained by interpolation from those of table 5 giving population and deaths by five-year
groups. For the first bve years. of age a different process was adopted, it being there
assumed that the rates of mortality are proportional to those of the table Be Cap. Adjust.,
and that the total number of deaths is equal to that observed. For the ages from 22 years
onwards the calculated rates were graduat.ed by a parabolic-logarithmic process ·which•.
however, only slightly altered the original values.



TABLE 8

International comparisons of life tables (reduced to the
initial number of 1,000 survivors at age 0)

Brtuil
England

Italy cmd Walts FrDlfce Germany A fIItrieOfS
Age 1890-1920 1899-1902 1838-1854- 1861-1865 1871-1880 txperience

A Survivors at age s
0 ............................... ,.. ... 1,000 1,000 1,000 1,000 1,000 1,000
5 ................................ 734 717 737 694 66S 732

10 , .. _...... ill ............................................... 715 695 703 668 637 695
20 ................................ 682 666 663 629 608 644
40 ................................ 524 575 539 524 502 543
60 .............................. 11 .............................. 312 440 370 385 337 403
80 ................................ 68 95 90 88 58 101

B. Deaths in the indicated age intervals
Agt inttnJa/:

0-19 ....................................................... 318 334 337 371 392 356
20-59 .................................................... , .... 370 226 293 244 271 241
60-", ................................ 312 440 370 385 337 403

C. Complete expectation of life at age s
Age

0 ................................ 3925 43.00 40.90 39.85 37.02 41.45
10 •.•••••..•..•........•.........• 4427 SUO 47.35 48.70 47.38 48.72
20 ................................ 36.14 43.10 39.90 41.40 39.36 4220
60 ................................ 12.99 13.60 13.90 13.75 12.46 14.10

Note. The European life tables cited are reproduced in the Slatirlique inttrMtiotllJle dll nJOfWt'ment dt UJ populatio,.
edited by the Statistique Generale de ~ France (voL 1, Paris, 1907, pp. 534, -546, 558, 560).

The "American experience" table is reproduced in the excellent book of L. I. Dublin and A. J. Lotka on Length of
Life (New York, 1936), p. 376.
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II. BIRTH RATES 1

1. The population census as a supplement to
the statistics of population movements

In a country possessing correct statistics on
population movements, that is births, deaths, im­
migration and emigration, the population census
is of great importance, both as a description of the
state of the population at a given moment, and as
a point of reference for the data on those move~

ments and innumerable other· economic and social
phenomena occurring in periods of time close to
the census: Only by means of this source of
reference can the intensity of the various phenom­
ena be measured, starting from simple methods,
such as ascertaining the general death rate, birth
rate, unemployment rate, criminality rate, etc., in
order to arrive at more complex statistics such as
life tables, fertility rates, etc.

In a country not possessing trustworthy statis­
tics on population movements the importance of
the population census is still greater, because it
provides an approximate k"1lowledge, at least in
part, of certain fundamental data about such move­
ments, always provided that recourse to sensible
and reasonable hypotheses is allowed. For exam­
ple, the number of persons living during the early
years of life is less than the annual number of
births during the period immediately preceding the
census; comparison between the number of the liv­
ing in successive age groups may give some indi­
cations concerning the number of deaths between
the ages in question; the anomalies of the distribu­
tion of population in respect of age indicate the
extent of migratory movements.

Investigation of this kind has not been lacking
in Brazil, where accurate vital statistics of the pop­
ulation are a long-felt want which has not yet been
filled. In the introduction to the volume on the
census of 1920 referring to the age of the popula­
tion, Dr. J. L. S. de Bulhoes Carvalho, who has
performed such outstanding work in Brazilian sta­
tistical organization and the use of national statis­
tics, showed the possibility of calculating the
number of births occurring in the year immediately
preceding the census on the basis of the number

1 Translated from "Estudos sabre a utilizao;ao do censo
demografico para a rewnstru~ lias estatisticas do mavi­
menta da popula<;ao do Brazil" (The use of census re­
turns for reconstruction of missing data of vital statistics,
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of children of one year of age enumerated at the
census, and explained some applications of the pro­
posed method by calculating the number of births
in various capitals and various states of Brazil.
(See Recenseamento do Brasil realizado em 1 se­
tembro de 1920, vol. IV, part 2, book 1. pp. XLV
et seq.)

While preparations are going on for the Bra­
zilian census of 1940, it appears opportune to
examine anew the problem of approximately de­
termining measures on population movements,
based on the results of a population census; for
the next census should make it possible, among
other things, to integrate, as far as possible, our
very inadequate data on the population movement.
Once figures for the past have been assembled, it
may be easier, thanks to the possibility of more
effective control,. for the administrative bodies to
obtain, in future, registrations of births and deaths.
Thus it may be possible not only to complete sta~

tistics of births or deaths which are so important
to obtain knowledge of the life of the country, but
also to increase the efficiency of the civil registers
-institutions of primary importance in the politi­
cal, administrative, and juridical organization of
the country.

The fresh examination of this old problem which
we are about to attempt is directed towards the
double purpose of determining the most suitable
methods of obtaining acceptable results and apply­
ing these methods to a period previous to the
1920 census, in order to obtain data concerning
the movement of the population comparable with
those which it will be possible to obtain for the
subsequent twenty years from the results' of the
next population census.

2. Relations between the census data and ele­
ments in the movement of the population
The first point which we shall establish is the

method for deducing from a population census
(and in order to simplify the explanation we shall
refer solely to the Brazilian census of 1920) esti·
mates of the numbers of births, not only in the year
i~ediately preceding the census, but also in pre­
VIOUS years.

with application to the population of Brazil), by G. Mor­
tara. Revista Bl"osileil"tJ de Estatistica. vol. I, No. 1. Janu­
ary, March 1939.



If the census of 1 September 1920 had produced
absolutely accurate results, the number of living
persons, V, enumerated between the ages of oX and
(x+l) would be equal to:

(a) The number N of live births occurring in
Brazil in the period from 1 September (1919 - oX)

to 31 August (1920 - x) ;

(b) Plus the number I of immigrants arriving
in Brazil up to 31 August 1920, born in the same
period;

(c) Minus the number M of persons born in
the same period and dying in Brazil before 31 Au­
gust 1920;

(d) Minus the number E of emigrants from
Brazil )up to 31 August 1920, born in the same
period.

We thus have the forinula:

That is:

V' =VI' + v'/ + vs' + V,,,'. [3]

For the first ten years of age, sub-groups 2, 3
and 4 account for very small numbers and are
thus only a small proportion of the number V', At
later ages sub-group 4 increases in size; sub­
groups 2 and 3 continue very smalP

The group of foreigners may also be ~vided

into the following two sub-groups:
VI" those born abroad, children of foreign par­

ents who have immigrated to Brazil;
v"2 those born in Brazil, children of foreign

parents, who have retained their foreign national-
ity. '

That is:

[4]

3. Analysis of the terms of the relations
established

The living persons (V) between the ages of oX

and x+l may be divided according to nationality,
into two groups: V' Brazilian and V" aliens, that
IS:

V=N + I-M-E. [.11

If four of the five magnitudes shown in the
above equation are known, the fifth can be cal­
culated. Thus, it would be possible to calculate the
number of births if the numbers of persons enu­
merated, of deaths, of emigrants and of immi­
grants were known.

The difficulty arising from the lack of accurate
data on immigrants and emigrants, classified by
age, may be avoided by considering separately, as
the results of the census permit, only those per­
sons enumerated who are of Brazilian nationality.

The group of Brazilians in its turn includes four
sub-grOups:

vI' those born in Brazil, whether of Brazilian or
foreign parents, who have Brazilian nationality by
birth;

V2' those born abroad, who, being children of
Brazilian parents, have Brazilian nationality by
right;

va' those born in Brazil, of foreign parents, who
have at first retained their foreign nationality but
have subsequently acquired Brazilian nationality;

V4' those, born abroad of foreign parents, who
have acquired Brazilian nationality since immi­
grating into Brazil.

V=V/+V". [2}
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The numbers in sub-group 2 are small, both in
absolute value and in relation to sub-group 1, both
in the first ten years of age and the later ages.

4. Simplification of the formulae
The quantity I in formula [1] obviously includes

sub-groups 2 and 4 of the first, sub-group 1 of
the second group and, in addition, a number M"
of indhriduals born in the year under consideration
who immigrated to Brazil and died there before
the date' of the population census. This gives:

I =v/ +v4' +v/' + Mil. [5]

Substituting V" for I, we haye the error" which
may be expressed by the difference:

f = V" -I = 'liz" -vz'-v,/ - Mil. [6]

Given the absolute smallness of the four terms
of the second member and the relative smallness '0£
all of them in comparison with I, and further tak­
ing into account the partial compensation brought
about by the positive and negative elements in the
error, we may consider the error " arising from
the substitution of V" for I as negligible in the
first ten years of age. In respect of later ages this
error may become of appreciable size and in gen­
eral the negative elements prevail over the posi­
tive; in this case the substitntion of V" for I
tends to produce an ettor of underestimation.

We'may also consider that, for the first ten years
of life, the magnitude E of formula [1] may be
very small in comparison with the values V and
V'. At higher ages, E acquires greater importance.

2 In the Brazilian census of 1920, the 52,326 "foreigners
who had Braziliao nationality". that is those belonging
to sulrgroup 4, were classified as foreigners (group V"),
though some of them may have been included in group
V' (Brazilians) by error of classification.



5. Formulae
Starting from these considerations and the equa4

tions given, we may rewrite formula (1] in the
following manner:

V=N+I-M-E=N+V"
-~-M-E. [1 bis]

Abandoning the negative term ~ E and the
probably positive term -~, the foregoing for­
mula can be reduced to the following, which is
approximately accurate as a representation. of the
phenomenon under consideration:

V = N +V" -M. [7]
From this the following relation may be de­

duced:

V - V" = N - M, [8]

which, compared with formula [2J, makes it pos­
sible to obtain, also approximately, the following
formula:

V'=N-M. (9]

We thus reach the formula which was applied
by Bulhoes Carvalho in the above-mentioned cal­
culation of live births, starting from the number
of persons enumerated in the first year of their age.
The foregoing accO'unt reveals the hypotheses im­
plicit in the application of formula [9] and the
consequent possibilities of error. In a general way
we may expect that these possibilities will increase
in proportion as the age of the group of enumer­
ated persons under consideration increases.

6. Estimates of mortality data not available
in BrazU

Knowing two of the three quantities linked in
equation [9], we may make an approximate cal­
culation of the third.

In the present case the population census indi­
cates the value of V' and the values of N and M
are unknown.

Using the survival table produced by. Bulhi5es
Carvalho for the Brazilian capitals in 1920 (op.
cit., pp. LXIV - LXVI), in order to obtain an ap­
proximation for M, we may also obtain an approx­
imation to N.

Assuming that the probabilities of death and
survival indicated in this table are applicable to
the total population of Brazil, and representing by

a The survival table indicates the numbers· 10, It, k, I.,
••• of survivors on the dates of birth, the first birthday,
the second, the third etc.

Jo order to calculate the average numbers L.,1, 4 ..r..,.. . . . of those living between the date of birth and
that of the first birthday, between the date of the first
and second birthday, between the date of the second and
third birthday etc. the following fonnulae are used;
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L",x+u the average number of living children S

between the x tll and (X+1)th birthday, according
to the above-mentioned table, and by 10 . the num­
ber of survivors of 0 years of age, that is, the
number of live births in the generation to which
the table refers, we may write the equations thus:

V' : N = Lx, x+ 1 : 10 POl
from which we may deduce:

N = V' 10 = V': L",,, + 1 [11]
Lx, x + 1 to

The latter form is more convenient for compu­
tation. For example, if for the eighth year V' =
936,936 and ~r'8_ =0.6886, then N = 1,360,639

o
is the calculated number of births in the eighth
year prior to the date of the census, that is the year
from 1 September 1912 to 31 August 1913.

7. Critical appraisal of the foregoing results

If the results of the 1920 census were perfectly
accurate, the number N calculated by formula [II}
would differ from the real number of live births
in the period u~der consideration only as a result
of;

(a) The simplifications introduced into the cal­
culation (substitution of I for V" and neglect of
E) ;

(b) The differences between real Brazilian mor­
tality in the various periods to which the calcula­
tion applies, and the mortality recorded in the
capitals in 1920, which was used as a basis for
the calculation.

The error due to (a) is certainly small as re­
gards the first ten years of age.

As regards the error arising from (b), we find
it very difficult to determine, a priori in a general
way, its volume, and perhaps even its direction.
Bulh6es Carvalho stated, with indisputable author­
ity, that in 1920 the mortality rate for the whole
of Brazil must have been higher than that in the
capitals (op. cit. p. LXXVI). If this opinion is
right; there is even more reason to believe that the
mortality rate in Brazil in the years prior to 1920
will have exceeded that in the capitals in 1920.
According to this hypothesis the number of live
births, calculated by formula [11], would be an
underestimate.

T I. + 2 1. T _ 21. + 3 L. L _ l~ + I,......,= 3 ,.l.4,> - 5 , .... - --2--

(After the fourth year the formulae can be reduced to
the last of these, that is, the average number of persons
living in each year of age is equal to half the survivors
at the beginning and end of the same year.)



There is another circumstance which has an in­
fluence perhaps greater than that examined in the
preceding paragraph upon the results' of the cal­
culation of N.

8. Effect of mis-statements of age of persons
enumerated, in the :first teD years of their age,
illustrated by the application of the formulae
to the Brazilian population enumerated in the

census

In the foregoing argument we have implied that
the table quoted provided a fairly accurate picture
of the real mortality in the Brazilian capitals. It
would also be possible to base calculations upon a
foreign life table, which might be regarded as an
approximation to a life table which is not yet avail­
able for the whole of Brazil. We tested this proc­
ess, and obtained results not widely different from
those which we shall proceed to set out.

The correct application of formula [11] requires
that the census should have produced acceptable
results in respect of the number of persons living
in each year of age. Now the Brazilian census of
1920 does not fulfil this requirement, as it is
affected by noticeable errors in the statements of
age.

It would therefore not be advisable to apply for­
mula [11) to the crude data of the census. This
may easily be illustrated by applying the formula
to the census data concerning persons in the first
ten years of age which appear in column (b) of
table l.

If these data are divided by the corresponding

co-efficients LX'l + 1 deduced from the 1920 life
o

table (BC Cap. Adjust.) and reproduced in col-
umn (c) of table 1 (they have been multiplied
by 100,000), the number of live births given in
column (d) of the same table will be obtained.

TABLE 1
First calculation of the numbers of live births in Brazil in the ten years

previous to the census of 1 September 1920

Years of
age
(a)

--_.---
1. .
2 ..•...................
3 .
4 .
5 .
6 .
7 " .
8 :
9 .

10 .

Total

Nun~ber of
persons of
Bra:nlian

nationality
enumerated

(II)

828,384
776,061

1,014,674
1,006,152

949,938
941,719
950,115
936,936
979,264
728,361

9,111,604

Coefficient Calculated Year pre-
of survival !lumber of ceding the
(multiplied live births census of
by 100,000) (I'Olmdcd) 1 SePt. 1920

(c) (d) (e)

88,323 937,900 1
77,954 995,500 2
73,637 1,377,900 3
71,691 1,403,500 4
70,614 1,345,300 5
69,868 1,347,900 6
69,300 1,371,000 7
68,860 1,360,600 8
68,520 1,429,200 9
68,235 1,067,400 10

----
12,636,200

As a result of the obvious anomalies in the dis­
tribution of the persons enumerated according to
age, the estimated numbers of births are in some
cases too low, such as those for the first, second
and tenth year previous to the census; in other
cases the results do not accord with the most rea­
sonable assumptions concerning the increase· in
the number of births over this period.

9. Attempts to correct errors and resulting
calculation of the number of births in the ten

years prior to the census
In order to achieve more accurate results it will

be necessary first of all to correct the distribution
by age of the persons enumerated. The results ob­
tained in respect of live births will be noticeably'
different according to whether, for the purposes of
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this correction, it is assumed that the annual birth
rate during the period varied or remained constant.

In a country where either the annual number
of births or the probabilities of death in each year
of age remain constant over the period, the num­
ber of persons enumerated by the census decreases
gradually in proportion as the age increases. This
decrease will be even more rapid in a country like
Brazil where it is very likely that the actual num­
ber of births was tending to increase and the prob­
ability of death in the early years of life was
tending to diminish in the ten years immediately
prior to the 1920 census.

In a first estimate we may disregard these
tendencies and suppose that the annual numbers
of births and probabilities of death in the first ten



years of age have -remained cons~t throughout
the period. We may then calculate how the
9,111,604 persons enumerated in the census as
included, between the ages of 0 and 10 years are
distributed, on the following assumptions:

(a) That the total number of pers'ons enumer­
ated, between the two age limits stated, is cor­
rect;

(b) That the probability of death in each year
of age in this period is that indicated by the mor­
tality and survival table for the Brazilian capitals
previously mentioned;

(c) That consequently the distribution by sin­
gle years of age of the 9,111,604 persons enumer­
ated is in proportion. to that deduced from this
table.4

The results of the calculations based upon these
hypotheses are shown in column (b) of table 2.

The distribution calculated shows a fairly wide
difference from that recorded by the census, show­
ing higher numbers for the ages between birth and
the first birthday, between the second and the third
and between the ninth ana the tenth, but, on ,the

other hand, showing lower numbers for the other
ages.

The hypothesis of the constancy of the number
of births appears less probable than that of a ten­
dency to variation of the number within the
period. On the assumption that in the. ten years
immediately prior to the 1920 census the absolute
number of births had increased by 2 per cent
annually. ~ a corrected distribution of children liv­
ing at the date of the census will be obtained, as
shown in column (c) of table 2.

Applying to the numbers of living children cor­
responding to the first or to the second hypothesis
the survival coefficients already mentioned in col­
umn (c) of table 1, the numbers of births indicated
respectively in colwnns (cl) and (e) of table 2 will
be obtained.

Despite the ~ppreciable differences between the
corrected distribution by age and that given by the
census, the: mean annual number of births in the
ten years prior to 1 September 1920 is not very
different from that shown in the different calcula­
tions. The results of those calculations are:

TABLE 2
Second and third calculations of the number of live births in Brazil

·in the ten years prior to the census of 1 September 1920

Number of persons alive
at ce1lS'lls lorreeted
by means of the life
table according to

the hypothesir

Calculated number
of live births

(rounded)

Year of 1 2 Year prior
age ofamea/$ to the

annualgeo- eensus of
metric in- I September

of the con- crease of 1920
sta~yofthe 2 percent First Second
annuaJnum- in the num- hypo- hypo-
ber of birth..r ber of births thesis thesis

(0) (b) (c) (d) (e) (f)

1. ............... 1,106,969 1,203,552 1,253,300 1,362,700 1
Z•••• """ ••••.• 977,037 1,041,456 1,253,300 1,336,000 2
3 ................ 898,495 964,463 1,253,300 1,309,800 J
4................ 922,914 920,545 1,253,300 1,284,100 4
5................ 885,010 888,928 1,253,300 1,258,900 5
6................ 875,625 862,322 1,253,300 1,234,200 6
7................ 868,518 838,541 1,253,300 1,210,000 7
8.............. :. 863,051 816,855 1,253,300 1,186,300 8
9................ 858,769 796,901 1,253,300 1,163,000 9

10................ 855,216 778,041 1,253,300 1,140,200 10

Total 9,111,604 9,11l,604 12,533,000 12,485,200

4 After calculating the number L.. • ~ 1 of the living,
according to the life table, we deduce the estimated num­
ber C'.. .+1 of the persons enumerated by means of
the equation; .-.

C' ., • + ,: 9,111,604.= L" • + ,: ::2 L". + 1

')l: = G

For eJtamp,le,. for the first year o~ age: .
Co." 9,111,604 = 88,323. 726,999,
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Whence:
C'~.. = 1,106,969.

5 In the case of the hypothesis set forth in the text, the
numbers L., • + 1 should be divided by l.02x, the for·
mer numbers being calculated by the method previ.
ously indicated, in order to obtain the numbers needed
to calculate the corrected distribution of live children in
accordance with this hypothesis.



In the first estimate, 1,263,620 (age distribution
of children as given by the census) ;

In the second estimate, 1,253,300 (age distribu­
tion of children corrected on the hypothesis that
the annual number of births remains constant) ;

In the third estimate, 1,248,520 (age distribu­
tion of childreri corrected on the hypothesis of a
progressive increase in the annual number of
births).

There are, however, considerable differences, ac­
cording to the method of calculation followed, in
the distribution of births ave. the ten years of the
period under consideration.

If it is assumed, in accordance with the official
figures, that the mean population of Brazil in the
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ten years prior to the '1920 census was about 26.5
million, the mean annual number of about 1.25 mil­
lion births in this period would indicate a mean
annual birth rate of 47.17 per 1,000 inhabitants.

This birth rate is exceptionally high, in com­
parison with the rates obtained in the same period
in most countries of Western civilization. It would
therefore appear timely and prudent to examine,
by means of international comparisons and a more
careful analysis of the Brazilian census of 1920
and preceding censuses, whether the results ob­
tained are plausible and whether there are means
'of checking and, if necessary, correcting them.
This will be the subject of another study.



III. MARRIAGE RATES BY AGE 1

1. Introduction

Like the other elements of the movement of the
population, the annual number of marriages cele­
brated in Brazil cannot be established with ade­
quate exactitude owing to deficiencies in the
statistics <Ierived from civil registration.

For instance, according to civil register statis­
tics, the number of marriages in 1938 was only
132,404 or 3.27 per 1,000 population. But the
Anudrio Estatistit:o do Brasil (Brazilian Statistical
Yearbook) which gives that figure Z states:

"The data relating to population movement as
derived from the civil registers do tlot give a true
demographic picture of the Brazilian population,
as the figures appearing therein are very deficient,
both as regards the movement of registrations and
as regards the c01lection of the relevant informa­
tion." The same source states that in 1938 only
2,205 registries provided complete information;
80S provided only incomplete information and
2,115 provided none a at all.

In these circumstances it would appear advisa­
ble to attempt to determine the annual number of
marriages in Brazil by an indirect method based
on data concerning the composition of the popu­
lation according to conjugal status, obtained from
a study of the 1940 population census.

The possibility of making use of census results
for this purpose was already pointed out in a
methodological note in 1943.4 The procedure pro­
posed in this note was applied to Brazilian and
foreign census data as' a test.5 This procedure is
now applied to Brazil as a whole, with the object

1 Translation from "Detecniina~ao de nupcialidade fe­
minina, segundo a idade, no Brasil com base na apura~o
censitaria do estado conjugal, e aplicao;6es ao calculo da
tasea de nupcialidade" (Female marriage rates by age,
based on marital condition of census returns in Brazil).
:By G. Mortua. Revis-lo Branleiro de Estotistica, 1948.
(Dr. Jose Etrog collaborated with Dr. Mortara in the
compilation and preparation of the tables.)

2 The figure 3.00, which appears in the Yearbook, has
been corrected to 3.27 following a correction of- the popu­
lation estimate.

~ Brazilian Statistical Yearbook, year V, '1939-1940, pp.
10.8, lOS and 106. The Yearbook also.giv.es (pp. 1,167 and
1,168) the number of marriages celebrated by Roman
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of obtaining the approximate annual number of
marriages in the year of the census (1940).

The method adopted in the calculations ex­
plained below is based on the principles set forth
in the above~mentioned note, with some slight
differences in application.

The study refers to the female population. A
similar study for the male population would pro·
duce slightly different results but of the same
order of magnitude.

2. Description of procedure used

The procedure adopted will be explained as
simply as possible.

Suppose we observe a given group of women
over a period of time, from the youngest age i at
which marriage may occur, noting the number of
these women who reach each subsequent birthday,
and dividing them into two groups, those who re­
main unmarried and those who are or have been
married.

If Ix represents the total number of survivors at
the x th birthday and m:s: the number of married or
fonnerly married women, the cumulative frequency
of marriage 6 up to the x tb birthday, N>:. for the
women then surviving will be expressed as follows:

m",
N,,= z;-. II]

If nl, nl + 1 ••• n X - 1 denote the proportions of
the females surviving at the ;t'tb birthday, who
have marri.ed for the first time in their (i + 1) th,

Catholic priests (224,388) and by Protestant ministers
(1,236) in 1937 i these figures are also incomplete, but
their total greatly exceeds the figure for that year given
in the civil register (143,534).

4 G. Mortara, "Note on making use of the Population
Census to detennine the Frequency of Variations in Civil
Status in Terms of Age", published in Revista Brasileira
de Esto.tisfico, No. IS, 1943, pp. 435 to 438.

~ These studies, which related to the populations of
Mato Grosso and of Italy, have not yet been published.

6 In this paragraph "marriage frequency" means "fre­
quency of marriages of single women". Thus it does
not include second and subsequent marriages. The lat­
ter will be taken into account in paragraph 8 below.



35.4% -26.35'10 = 9.1%,

[3a]
In other words the frequency of marriage at

x years of age may be obtained by the differeitce
between the proportions who are single among
the survivors at the (x - 1) th and xtb birthday.

Example: In a given generation of· women, on
their nineteenth birthday, 73.7 per cent are sin­
gle and 26.3 per cent are not single; on their
twentieth birthday, 64.6 per cent are single and
35.4 per cent are or have been married. The mar­
riage rate,& at the nineteenth birthday of the
women destined to survive to their twentieth
birthday may be determined, according to [3], as
follows:

(i + 2)th, ... xth year of age, i.e., the propor­
tions giving the frequency of marriage for each
year of age for the women surviving at the x th

birthday, we have

N.., = nj +n!+l +... + n"'-I' [2]
It is obvious, therefore, that

Nx - NX-l = nr-v [3]
which shows that, by subtracting from the cumu­
lative marriage rate up to the age of x that up to
the age of (x - 1), we obtain the annual marriage
rate in the xth year of age of the females surviving
at the xth birthday.7

The same calculation can be made on the basis
of the proportions of single .women. If s'" be the
number of single women surviving at the ,.1."th

birthday and
S",+ m..,= lx,

equation [1] may be expressed thus:

lx -s..,
Nx = --=---:::..

1x
and [3J thus:

N N S"-1 S'"
,,- "'-1 = -1- - -1- = nX-l

%1 "

[Ia]

or, according to [3a],

73.75'10 - 64.6% = 9.1%.

3. Conditions of applicability

The examples in the preceding paragraph re­
late to the women surviving at the xth birthday.
Under certain conditions they may be considered
approximately valid for the whole of the genera­
tion, including those who died between the jtb and
XU birthdays.

They can also be applied, though generally with
a wider margin of error, when the rates for the
different ages have been determined by the ob­
servation (generally simultaneous) of different
generations, instead of a single generation. I

If the results of this method are not to deviate
too far from reality, it is essential for the course
of the marriage rate in terms of age to be approxi­
mately the same for the different generations con­
sidered. For Brazil this may be assumed to be the
case, and thei"efore application of this method ap­
pears justified. In other words it seems permissible
to calculate the marriage rate at x years of age by
comparing the proportion of single women in a
generation aged (x -1) at a given date, and one
aged x on the same date.

Before proceeding to explain the results of these
calculations, it seems fitting to examine critically
the 1940 population census data which provided
the basic data fo.r this study.

4. Marital status of women in the 1940 census

Table 1 gives the distribution by marital status
and years of age of the women present in Brazil
in the 1 September 1940 census.lD

1 It should be noted that this is a marriage rate calcu­
lated on the basis of all the women in the group in ques­
tion, considered at s years of age, including those who
at the beginning of the year were or had been already
married.

II In accordance witb the nomenclature adopted in fanner
studies by the present author "marria.ge rate" is used. to
denote marriage' frequencies expressed in the form of
proportions per 100 or other power of 10.

I The conditions governing the justifiability of apply­
ing this method which have already been indicated in the
above:-mentioned methodological note of 1943, are ex-
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plained in a fuller and more general fonn in G. Mortara,
Analise Campara/iva de Diversos entmos AplicQvti.r no
Estudo Biometrico de Desenvolv1fmnto de Cr;radetces
Coletivamente Tipicos em Funfaa do. ldade, published by
the Brazilian Institute of Ge<lgraphy and Statistics (Rio
de Janeiro, 1948).

10 The figures given in table 1 do not include parts of
the municipalities of Parintins (Amazonas) and~
(Sao Paulo"), which have approximately 8,100 female
inhabitants, whose characteristics could not be tabulated,
as the census schedules for those places did not reach the
headquarters of the National Census Service.



TABLE 1

Distribution of the female population of Brazil on 1 September 1940 according to marital status and age

Marital status

Separated,
Age judicially

(completed
Married

separated,
Unknownyears) Single divorced Widows Total

(4) (b) (c) Cd) (e) (f) (g)

0........•....••......•... 677,051 677,051
1. ........................ 596.719 596,719
2 ..............•.......... 647,805 647,805
3..•...........•.......... 638,539 638,539
4........................•. 624,035 624,035

5.......................... 596,054 596,054
6......................... 582,548 582,548
7......................... 575,802 575.802
8......................... 572,926 572,926
9......................... 507,510 507,510

10......................... 602,523 602,523
11 ..•...............•...... 495,283 495,283
12 ........... , ... ", ....... 571,966 247 1 1 654 572,869
13 ......................... 478,662 1,068 5 22 433 480,190
14.................•....... 491,042 3,471 14 80 3$4 494,961

15 ....................•.... 479,636 10,984 48 150 243 491,061
16...................•..•.• 460,224 33,054 110 272 329 493,989
17......................... 374,845 59,695 208 491 317 435,556
18..................•• ,' ...• 377,115 103,797 359 994 439 482,704
19.......................... 266,108 114,915 371 1,213 376 382,983

20..........-............. ,. 298,937 201,034 689 2,627 652 503,939
21 ........•..............•• 175,776 153,186 574 2,178 433 332,147
22 ............••......•.... 197,532 223,879 813 3,893 593 426,710
23 ......................... 146.058 203,553 797 4,258 536 355,202
24..•••.•.................. 132,331 220,593 938 5,091 557 359,510

25 ............••...•..•.... 151,471 281,039 1,273 7,936 866 422,585
26..•.................... ,. 107,754 237,961 1,224 7,346 614 354,899
27......................... 80,680 206,230 1,115 7,162 529 295,716
28..................•...••. 99,058 253,958 1,372 10,972 755 366,115
29 ......................... .58,504 179,304 1,059 8,464 418 247,749

30 ......•...........•..•... 117,370 302,035 1,870 19,597 1,044 441,916.
31 .•.......•.... _.••••.••. , 35,598 137,306 864 7,222 266 .181.256
32......................... 53,391 189,119 1,165 12,324 490 256,489
33 ......... , ............... 36,601 150,060 994 10,496 361 198,512
34........................• 37,401 152,631 1,088 11,552 328 203,000

35 ......................... 64,809 218,016 1,460 20,818 741 305,844
36................•.•...... 42,640 171,783 1,216 16,088 467 232,194
37......................... 28,336 133,604 1,071 13,686 342 177,039
38.•....................... 47,522 185,668 1,364 23.377 540 258.471
39...........•............. 29,310 131,261 1,199 18,407 285 180,462

40....•.•................... 81,889 256,250 2,226 55,854 1,035 397,254-
41 .....••.................. 16.282 83,917 692 12,869 186 113,946
42..•.••.........•........ , 27,761 121,824 1,048 23,316 32Q 174,269
43•...•.•......•........... 17,327 91,565 822 17,563 217 127,494
44................•.....•.. 17,641 95,131 843 19,415 189 133,219

45 ......................... 39,351 141,452 1,285 41,048 495 223,631
46 .•....•........•..•.••... 17,862 90,607 832 22,655 226 132,182
47.................•.••••.. 12,672 69,673 643 17,359 127 100,474
48......................•.. 24,115 100,185 980 32,461 303 158,044
49................•........ 12,079 58,748 650 19,977 178 91,632

50 .•................••••... 47,557 138,623 1,405 79,214 630 267,429
51" ....................... 9,391 46,621 466 17;277 101 73,856
52•• _...............•••.• , • 15,880 64,419 681 30,321 193 111,494
53 ........••......•..••.••.• 9,109 42,735 444 19,837 99 72,224
54......•.•.••....•...••... 10,634 46,237 422 23,299 123 80,715
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TABLE 1 (Continued)

Distribution of the female population of Brazil on 1 September 1940 according to marital status and age

Marital status

Age
Se/l<lrated,
judicially

(completed se/l<lrated,
years) Single Married divorced Widows Unknown Total

(a) (b) (e) (d) (e) (t) (9)

55...............•....•.... 17,481 61,347 590 39,251 192 118,861
56••..••. _.••.....•...•.... 10,649 42,697 448 26,897 113 80,804
57..•.....•...•............ 6,339 28,910 301 16,949 85 52,584
58 ................•..•..•.. 11,941 40,857 393 30,602 121 83,914
59•........•................ 6,195 24,067 242 19,005 64 49,573

60.............• _..••.•...• 29,551 60,006 689 89,014 421 179,681
61 .........•........•...... 3,841 15,815 161 13,195 38 .33,050
62 ..•... , ..........•....•.• 6,948 2t,333 193 23,625 67 52,166
63...................... _.• 5,377 18,193 192 20,839 71 44,672
64..... _............•..•... 5,017 16,978 139 20,334 58 42,526

65 ....•............•....... 10,712 23;266 215 39,396 142 73,731
66.•.......•...••.•. _••.... 4,198 12,967 109 18,047 40 35,361
67............ _.••...•..... 2,916 9,401 107 14,009 44 26,477
68•...•..•......... _•...•.. 5,725 12,867 112 23,246 74 42,024
69 ..•...................... 2,715 6,704 77 12,277 23 21,796

70..........•.....•........ 13,7&4 17,256 184 54,755 183 86,162
71 .. _. _....... _........... _ 1,748 4,229 38 8,103 18 14,136
72................• , ....... 3,157 5,702 48 14,107 34 23,048
73 ........ _.....•....•..... 1,991 4,059 37 10,633 23 16,743
74........•................ 1,886 3,896 36 10,122 26 15,966

75................• _....... 4,678 5,447 67 20,056 63 30,311
76.................. : .•.... 1,906 3,081 28 9,895 24 14,934
77......................... 1,186 1,9&4 14 6,727 22 9,933
78 ..•...................... 2,266 2,477 35 10,814 29 15,621
79......................... '1,048 1,335 8 5,404 9 7,804

BO •••.••••.••• •__ •••••..••• 6,554 3,897 49 26,587 98 37,185
81 ........•.•.............• 621 659 5 3,280 6 4,571
82 ......................... 1,036 910 8 5.004 16 6,974
83......................... 564 529 6 3,367 10 4,476
84........................ _ 695 528 6 3,791 15 5,035

85 ........ _.. , ............. 1,615 821 11 6.545 30 9,022
86 ...............•......... 640 406 4 3,156 13 4,219
87....................•.... 342 250 3 1,880 3 2,47&
88... _.......... , .......... 499 294 5 2,501 1 3,300
89......................... 326 164 1 1,521 2,012

90 ......................... 1,894 594 8 7,136 44 9,676
91 ........••.. _............ 123 67 1 594 1 786
92.......... c .•••••••• _ •••• 261 101 1 1,036 4 1,403
93 ......................... 125 54 1 579 1 760
94.... : ..... ; .............• 127 55 2 627 811

95 .......................... 510 168 5 1,750 13 2,446
96.... _................... ,. 221 78 2 920 1,221
97............... __ ......... 69 48 329 2 448
98.......•.. _.............. _ 311 110 2 1,072 3 1,498
99.......................... 133 47 2 483 665

,
100 and over ................•. 1,086 275 9 3,647 18 5.035
Unknown.................... 8,734 5,556 100 2,633 579 17,602--

Total 13,106,763 6,167,923 41,394 1,284,922 21,225 20,622,227
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in the study referred to, the data being presented
in ·groups extendirig over several years of age.

In interpreting these data, the observations
made in study no. 344, paragraph 2, of the series
"Analyses of Results of the Population Census'',11.
should be borne in mind; above all it should be An examination of the data according to age re-
remembered that not all the women who were veals the irregularities in the trend of the propor-
stated on the census schedules as married, were tions of the various categories of marital status
married in the legal sense of the term, and not all according to age, caused by the errors in the state-
those declared as widows, separated,. judicially sep- mentsof age, which affect the various categories
arated or divorced had been previously married in to a different extent, as will be shown below.
the legal sense. However, the declaration "mar-
ried", generally speaking, means a conjuga,l union Table 2 shows in percentage form, the different
of a stable nature, even though without legal categories of conjugal status of the female popu·
sanction. Iation according to certain ages. The irregularities

Xsummary analysis of the differencem the con- referred to above are brought out precisely in this
jugal status of women according to age was made table.

TABLE 2
Per cent distribution by marital status at each year of the female population of
Brazil present on 1 September 1940,aged 12 years and upward and of known

marital status a

PercttlflJge of

Age
(compieted

years)
(a)

12 .
13 - .
14 .
IS .
16., .
17 .
18 .
19 .

20 .
21 .
22 .
23 ..............•......
24 .

Single
(b)

99.96
99.77
99.28
97.72
93.23
86.12
78.20
69.55
59.40
52.99
46.36.
41.18
36.87

Married
(c)

0.04
0.22
0.70
224
6.70

13.72
21.52
30.03
39.94
46.18
52.54
57.39
61.45

Separated,
judicially
separated,
divorced

( ri)

0.00
0.00
0.00
0.01
0.02
0.05
0.07
0.10
0.14
0.17
0.19
0.23
026

Widows
(e)

0.00
0.01
0.02
0.03
0.05
0.11
0.21
0.32
0.52
0.66
0.91
1.20
1,42

Total
(1)

100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00

• The group of women of unknown age is not included in this table. Absolute figures con~
cerning them are given in table 1.

11 These observations were:
"In interpreting the data it should be remembered that,

since no proof of marital status is required at the census,
persons whose conjugal unions have re<;eived neither legal
nor even religious sanction could declare themselves to be
'married'; similarly persons who have neyer been married
in the legal sense of the term, could declare themselves
separated, judicially separated (rJesq14itarJos), divorced or
widowed. This disadvantage is frequently found in all
censuses but its effects are particularly marked in those
col.Ultries in which free unions are most frequent.

"Moreover some confusion probably .occurred in the
declarations of the categories-separated, judicially sepa­
rated and divorced. In addition to those persons who are
legally in one of these categories, other husbands or
wives who are only separated de facto may sometimes
have declared themselves separated, judicially separated
or even divorced. This last can only apply to nationals
or former nationals of foreign countries, as divorce is
not permitted under Brazilian legislation.

"It should be pointed out that although by virtue of
the classification in decennial age groups the errors in
the statements of age are reduced, since- an approximate
balance is reached between the concentration of declara·
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tions in the 'attractive' age groups and the avoidance of
the 'l.UIattractive' age groups, other types of errors persist..
There are the errors of 'rejuvenation', characterized by
the evasion of declaration, mainly in the 40 to 55 year
groups in favour of the 20 to 39 year groups. These errors
are particularly marked among women. There are 'old
age' errors, caused by 'ignorance·or senile vanity, leading
people to give their age as older than it really is. There
are also other possible errors, less important and more
difficult to trace.

"It should also be noted that in the 12 to 14 year age
group 391 males and 4,786 females stated themselves to
be married, and 20 males and 103 females stated them·
selves to be widowed. As marriage at this age is not per­
mitted either by civil or by canon law, the great majority
of these declarations, if not all, are due to false state­
ments. Probably the majority of the 'marriage declara­
tions of those actually wjthin these age groups were cases
of free unions; and it is possible that some persons of
these ages were referring to free ullions already dissolved
in declaring themselves to be widowed, separated, judi­
cially separated or even divorced. It is also possible that
the true age of some of these apparently precocious per4
sons was older than the age declared."



TABLE 2 (Continued)

Per cent distribution by marital status at each year of the ~emale population of
Brazil present on 1 September 1940, aged 12 years and upward and of known

marital status

Percentage of

Separated,
Age judicially

(completed separated,
years) Single Married divorced Widows Total

(a) (b) (c) (d) (e) <f)

25 ..................... 34.29 63.62 0.29 1.80 100.00
26 ..................... 30.41 67.17 0.35 2.07 100.00
27 ..................... 27.33 69.86 0.38 2.43 100.00
28 ..................... 27.11 69.51 0.38 3.00 100.00
29...... , ...........•.. 23.65 72.50 0.43 3.42 100.00

30 ..................... 26.62 68.51 0.42 4.45 100.00
31 ......•.............. 19.67 75.86 0.48 3.99 100.00
32..........•.......... 20.86 73.87 0.46 4.81 100.00
33 ............•........ 18.47 75.73 0.50 5.30 100.00
34..................... 18.45 75.31 0.54 5.70 100.00

35 ..................... 21.24 71.46 0.48 6.82 100.00
36 ..................... 18.40 74.13 0.53 6.94 100.00
37..................... 16.04 75.61 0.61 7.74 100.00
38.......•.........•..• 18.43 71.98 0.53 9.06 100.00
39 ...................... 16.27 72.85 0.66 1022 100.00

40 ..................... 20.67 64.67 0.56 14.10 100.00
41 ..................... 14.31 73.77 0.61 11.31 100.00
42 ......•.............. 15.97 70.03 0.60 13.40 100.00
43 ..................... 13.61 71.94 0.65 13.80 100.00
44....................• 13.26 71.51 0.63 14.60 100.00

45 ..................... 17.63 63.39 0.58 18.40 100.00
46 ..................... 13.54 68.66 0.63 17.17 100.00
47..................... 12.63 69.43 0.64 17.30 100.00
48..................... 15.29 63.51 0.62 20.58 100.00
49..................... 13.21 64.24 0.71 21.84 100.00

50..... , .......•....... 17.82 51.96 0.53 29.69 . 100.00
51 ..•.................. 12.73 63.21 0.63 23.43 100.00
52..........•.......... 14.27 57.88 0.61 27.24 100.00
53 ....................• 12.63 59.25 0.62 27.50 100.00
54.........•........... 13.20 57.37 0.52 28.91 100.00

55 ...... ~ .............. 14.73 51.69 0.50 33.08 100.00
56 ..................... 13.20 52.91 0.56 33.33 100.00
57..................... 12.07 55.07 0.57 32.29 100.00
58....•................ 14.25 48.76 0.47 36.52 100.00
59..................... 12.51 48.61 0.49 38.39 100.00

60 ..................... 16.49 33.47 0.38 49.66 100.00
61 ..................... 11.63 47.91 0.49 39.97 100.00
62 ..................... 13.33 40.95 0.37 45.35 100.00
63 ..................... 12.06 40.79 0.43 46.72 100.00
64....•....••.......... 11.81 39.98 0.33 47.88 100.00

65 ..................... 14.56 31.62 0.29 53.53 100.00
66 ..................... 11.89 36.71 0.31 5l.09 100.00
67......•.............• 11.03 35.57 0.40 53.00 100.00
68 ..................... 13.65 30.67 0.27 55.41 100.00
69..................... 12.47 30.79 0.35 56.39 100.00

70................... :. 16.03 20.07 -0.21 63.69 100.00
71 ..................... 12.38 29.95 0.27 57.40 100.DO
72 ..................... 13.72 24.71 0.21 61.30 100.00
73 ..................... 11.91 24.28 0.22 63.59 100.00
74 ..................... 11.83 24.44 0.23 63.50 100.00

75 .........•....•...... 15.47 18.01 0.22 66.30 100.00
76..................... 12.78 20.66 0.19 66.37 100.00
77..................... 11.97 20.02 0.14 67.87 100.00
78.............•....... 14.53 15.89 0.22 69.36 100.00
79 ..................... 13.44 17.13 0.10 69.33 100.00
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TABLE 2 (Continued)

Per cent distribution by marital status at each year of the femal.e population of
Brazil present on 1 September 1940, aged 12 years and upward and of known

marital status -

Percentage of

Separated,
Age judicially

( l:(J1npleted separated,
years) Si1lg1e Married divorced Widow.r Total

(a) (b) (c) (d) (e) (f)

80..................... 17.67 10.51 0.13 71.69 100.00
81. ..................•.. 13.60 14.44 0.11 71.85 100.00
82 ............•........ 14.89 13.08 0.11 71.92 100.00
83 ....................• 12.63 11.85 0.13 75.39 100.00
84.........••.......... 13.84 10.52 0.12 75.52 100.00

85 ..................... 17.96 9.13 0.12 72.79 100.00
86........•............ 1522 9.65 0.10 75.03 100.00
87..................... 13.82 10.10 0.12 75.96 100.00
88 ...•..•••••.••..•...• 15.13 8.91 0.15 75.81 100.00
89..................... 1620 8.15 0.05 75.60 100.00

90..........•....•...•. 19.66 6.17 0.08 74.09 100.00
91 ..................... 15.67 8.53 0.13 75.67 100.00
92 ......•.............. 18.66 722 0.07 74.05 100.00
93 ................. ; ... 16.47 7.11 0.13 7629 100.00
94........ '......•...... 15.66 6.78 0.25 77.31 100.00

95 ..................... 20.96 6.90 0.21 71.93 100.00
96 ..................... 18.10 6.39 0.16 75.35 100.00
97..................... 15.47 10.76 - 73.77 100.00
98.•.. : ........... , .... 20.80 7.36 0.13 71.71 100.00
99..................... 20.00 7.07 0.30 72.63 .100.00

100 and over.............. 21.65 5.48 0.18 72.69 100.00

Below are shown, for instance, the percentages
falling into the different marital status categories
in the ages around 30, 40 and 50.

Ratio per 100 women of
known conjugal stlltus

tion is relatively higher among single women and
widows, who often lack the references and assist­
ance for determining their age possessed by mar­
ried women.

The increase can be seen by comparing the crude
and graduated data for ages ending in zero. For
instance, for age 50 the data are as follows:

Age
(completed

years) Single.

Separated,
judiciallJ
separated,

Married div01'ced Widowed
Difference between

crud£' and
graduated data

Single. . . . ... . . . 47,557 18,772 28,785 153.34
Married. . . . . . . .. 138,623 75,925 62,698 82.58
Separated, judi-

cially separated,
divorced... .. .. 1,405 746 659 88.34

Widows.. . .. .. .. 79,214 30,255 48,959 161.82

29........ ~. 23.65 72.50 0.43 3.42
30..•....... 26.62 68.51 0.42 4.45
31 .......... 19.67 75.86 0.48 3.99

39 .......... 16.27 72.85 0.66 10.22
40.......... 20.67 64.67 0.56 14.10
41 ........•. 14.31 73.77 0.61 11.31

49.......... 13.21 64.24 0.71 21.84
50 .......... 17.82 51.96 0.53 29.69
51 .......... 12.73 63.21 0.63 23.43

Marital
statu.r

Number of
women

Crude Graduated Absolute Per I:ent

At the ages which are multiples of ten there are
concentra~ed many declarations of persons who
had only a vague idea of their age. The concentra-
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It will be seen that the relative excess is almost
twice as large among the single women and
widows as among the' married.
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For the purposes of the present study it seems
advisable to confine graduation to the percentages
of single women between the ages of 12 and 69.
Below the age of 12 the problem of graduat­
ing the percentages of single women does not arise,
as below that age the percentage is always 100.
The ages 70" and above make an insignificant con­
tribution to the marriages of single women; more­
over, classification of women according to marital
status in these ages is strongly affected by the
increased frequency of "old age errors" in the age
declarations of single women, so that any correc­
tion of the percentage may more conveniently be
done by extrapolation than interpolation.

The graduation was made by a graphical proc­
ess, which smoothed the curve representing the
cumulative marriage rates without changing its
shape and maintained approximately unaltered
the proportion of single women in the total popu­
lation between the ages of 12 and 69.

Column (g) of table 3 shows the graduated
percentages of single women for the ages 12 to 69
as compared with the crude figures, shown in
column (f).
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FIGURE 1. Percentage of single women among all women
by age (graduated data); Brazil, 1940

As a result of the differing degrees of error in
the various categories of conjugal status, the ap­
parent proportion of married women decreases in
the ages which are multiples of ten and in other
"attractive" ages, in which there i~ a concentration
of the age statements of uneducated women, and
increases in the "unattractive" ages.

5. Graduation of percentages
The irregularities referred to under 4 are so

great that it is obviously impossible to use the
percentages given in table 2 for further study
without appropriate graduation to eliminate these
irregularities.
Ptrcentage

100
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FIGURE 4. Age distribution of single women marrying
between the ages of 12 and 70 years in stationary popu­
lation according to 1920 life table (Be Cap. Adjust.)
and marriage rates derived from census of Brazil, 1940
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TABLE 3

Total female population of known marital status. Number and per cent of single women by age.
Crude and graduated data, Brazil, 1940

All women Single women Percentage oj
single women-

Age
Graduated Crude Graduated Graduated( comple1ed Crude Crude

years) fi,qu.res figures figures figures figures figures
(a) (b) (c) (d) (e) (I) (g)

12..•.•.............••..•..•.... 572,869 520,924 571,966 520,924 99.96 100.00
13 ..................••••.......• 480,190 509,418 478,662 508,399 99.77 99.80
14..........•.............••.... 494,961 498,696 491,042 495,704 9928 99.40

15...... ~ .............•......... 491,061 487,557 479,636 478,293 97.72 98.10
16...................•.......... 493,989 474,491 460,224 443,649 9323 93.S(}
17.........•....•.............. , 435,556 459,049 374,845 396,159 86.12 86.3(}
18........................••.... 482,704 445,512 377,115 348,836 78.20 78.30
19.............................. 382,983 432,509 266,108 299,729 69.55 69.30

a Percentage of single women in the population whose marital statUs is known.
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TABLE 3 (Continued)

Total female population of known marital status. Number and per cent of single women by age.
Crude and graduated data, Brazil, 1940

All 'Women Single women Percenta.qe of
sin.qle women·

Age
( co'mpleted Crude Graduated Crude Graduated Crude Graduatea

years) figures fi.fl14res figures figures fi.qures figures
((I) (b) (c) (d) (e) (f) (g)

20.•.•••.•..•..•..•......•...... 503,939 423,326 298,937 255,901 59.40 60.45
21 ..........•...•••............. 332,147 413,962 175,776- 219,193 52.99 52.95
22•........................•... : 426,710 400,037 197,532 187,417 46.36 46.85
23••.......••..•....••••...•••.. 355,202 387,234 146,058 161,748 41.18 41.77
24......•.••••...•...... _........ 442,585 364,813 132,331 140,498 36.87 37.50

25.•...•..•...•.................• 354,899 354.183 151,471 123,745 34.29 33.92
26..........•••.•................ 295,716 338,152 107,754 109,690 30.41 30.97
27............................... 359,510 374,661 80,680 96,610 27.33 28.57
28................................. 366,115 321,830 99,058 85,768 27.11 26.65
29..•. _.•.••.••..•.•.. , •.•••.... 247,749 306,193 58,504 76,916 23.65 25.12

30..•...••.....•••....••.•••.... 441,916 291,553 117.370 69,594 26.62 23.87
31 ............................... 181,256 278,599 35,598 63,437 19.67 22.71
32.........................•..... 256,489 266,548 53,391 58,027 20.86 21.77
33..........•.........•....•. _•.• 198,512 255,249 36,601 53,270 18.47 20.87
34........... _................... 203,000 246,516 37,401 49,476 18.45 20.07

35........................•••.... 305,844 240,927 64,809 46,668 21.24 19.37
36...........•................... 232,194 235,337 42,640 44,173 18.40 18.71
37...................•....•..•.. 177,039 227,871 28,336 4,1,655 16.04 18.28
38 ......•...•................... 258,471 220,220 47,522 39,397 18.43 17.89
39....... '..................•.... 180,462 213,~91 29,310 37,436 16.27 17.56

40....•...•...•................. 397,254 205,603 81,889 35,467 20.67 17.25
41 ............................... 113,946 196,505 16,282 33,327 14.31 16.96
42 ........•..................... 174,269 187,690 27,761 31,325 15.97 16.69
43 ......•.••...••............... 127,494 178,853 17,327 29,403 13.61 16.44
44 ........... : .................. 133,219 169,404 17,641 27,460 13.26 16.21

45................................ 223,631 158,487 39,351 25,358 17.63 16.00
46............................... 132,182 150,004 17,862 23,716 13.54 15.81
47............................... 100,474 144,868 12,672 22,657 12.63 15.64
48 .... , ...'....................... 158,044 138,975 24,115 21,513 15.29 15_48
49..........................•.... 91,632 133,594 12,079 20,480 1321 15.33

50 .............................. 267,429 125,743 47,557 19,113 17.82 15.20
51 ........•..................... 73,856 117,947 9,391 17,786 12.73 15.08
52 .•-..•.• _•..... _•.............. 111,494 112,991 15,880 16,915 14.27 14.97
53 ...•.....•..••...........•.... 72,224 106,899 9,109 15.896 12.63 14.87
54. _.•....•••................... 80,715 101,098 10,634 14,932 13.20 14.77

55 ....•.• _...................... 118,861 94,617 17,481 13,890 14.73 14.68
56....•••.••........ _........... 80,804 88,199 10,649 12,868 13.20 14.59
57........................ , ..... 52,584 83,200 6,339 12,072 12.07 14.51
58 ......••..•••................. 83,914 78,863 11,941 11,388 . 14.25 14.44
59 ......•.••..•..•............•• 49,573 75,581 6,195 10,869 12.51 14.38

60 ...•....•.••................ _. 179,681 71,421 29,551 10,227 16.49 14.32
61 ........•••.••........•.••..•• 33,050 66,899 3,841 9,540 11.63 14.26
62...••..•..••..........•....... 52,166 63,326 6,948 8,992 13.33 14.20
63.-.................••....•..•.. 44.672 59,932 5,377 8,480 12.06 14.15
64............................... 42,526 56,453 5,017 7,966 11.81 14.11

65 .............................. 73,731 50,398 10,712 7,091 14.56 14.07
66............................... 35,361 44,784 4,198 6,288 11.89 14.04
67......•..•...•............•... 26,477 42,386 2,916 5,943 11.03 14.02
68 ......••...•................•. 42,024 39,538 5,725 5,535 13.65 14.00
69...... _........................ 21,7% 36,817 2,715 5,147 12.47 13.98

-- --
12 to 69 ......................... 13,149,151b 13,169,633 5,929,832 5,943,956 45.10 45.13

• Percentage of single women in the population whose marital status is known.
b Including 19,937 women of unknown marital status.
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percentages of single women at each birthday
between 12 and 70 were detennined and are shown
in column (b) of table 4.

Lastly, from the difference between the per­
centages thus determined for successive ages, the
marriage rates at different ages were calculated by
an approximate application of formula [3aJ. For
example, if the proportion of single women aged
24 is 39.45 per cent and that aged 25 is 35.55
per cent, the marriage rate of women aged 25 is
3.90 per cent. The rates thus calculated are shown
in column (c) of table 4.

By applying these percentages to the graduated
numbers of women in each age group which are
given in column (c) (explained in study No. 341
in the "Analyses of Population Census Results"),
the numbers of single women were obtained, (col­
umn (e)). Out of the total population between
12 and 69 years of age the proportion of single
women, calculated from the graduated data, is
approximately 45 per cent, the same as that cal­
culated from the crude data.12

By means of the same type of graphical process
as that which served to d,etennine the graduated
percentages of single women by age, the graduated

TABLE 4

Graduated percentages of single women amon~ women who have completed each year of age between
the 12th and 70th (denved from 1940 census of Brazil)

Age
years
~

(0)

12 .......•......•.....
13 .•........ , .. _.....•
14.... ~ .......•......•

l~:::::::::::::::::~::
17 .
18................•...
19..........• , ....•...

20 ..•.... , _ .
21. .
22 .......•........•...
23 , .
24............•.......
25 .. _...•.............
26•.•.•...............
27 .
28................••..
29.......•............
30.......•.......•..••
31 .
32 .
33 .
34............•...•.••

35 ... , ..............•.
36 ...........•........
37...........•...•....
38 ....•.•...•.•.•.••..
39 ••••••••.•••••.•••••

40..••.•••.•••••••••.•
41 .

Percentage
of Jingle

women in
total number

of women
aged ryears

(b)

100.00
99.95
99.65
98.85
96.00
90.10
82.50
73.70
64.60
56.30
49.60
44.10
39.45
35.55
32.30
29.65
27.50
25.80
24.45
23.30
22.25
21.30
20.45
19.70
19.05
18.50
18.06
17.72
17.40
17.10

Difference
between

/Jercen(ages
forage.r

rand (r+l)
(c)

0.05
0.30
0.80
2.85
5.90
7.60
8.80
9.10
8.30
6.70
5.50
4.65
3.90
3.25
2.65
2.15
1.70
1.35
1.15
1.05
0.95
0.85
0.75
0.65
0.55
0.44
0.34
0.32

0.30
028

Age
years

x
(a)

42 .
43 ........•.........••
44 .

45 , , .
46 .•................••
47 .
48 ,,: .
49 ............•.......

SO •• , •••••••••••••••••
51 ...........•........
52..................•.
53 .
54 .......••...........

55 , .
·56.................•..
57 .
58 ......•.............
59 .................•..

60 .
61 .•....•............•
62 ...•..••••.....•.•••
63 ......•.•••...•....•
64 .

65 ...•.............•..
66 , .....••••.
67.•..................
68............•.....•.
69 .•........•.........

70 .

Percentage
of single

women ill
total number

afwomen
a.gedxyears

(b)

16.82
16.56
16.32

16.10
15.90
15.72
15.56
15.41

15.27
15.14
15.02
14.91
14-81

14.72
14.635
14.555
1'4.480
14.410

14.345
14.285
14230
14.180
14.135

14.095
14.060
14.030
14.005
13.985

13.970

Difference
between

percentages
for ages

~and(x+l)
(c)

026
024
0.22

020
0.18
0.16
0.15
0.14

0.13
0.12
0.11
0.10
0.09

0.085
0.080
0.Q75
0.070
0.065

0.060
0.055
0.050
0.045
0.040
0.035
0.030
0.025
0.020
0.015

Peu'nfage cf .....gl. wome.. calcvlatetl
according 10

1~ By grouping the data in table 3 in decennial age
groups the following percentages of single women may
be calculated according to crude and graduated data
respectively.

The percentage of single women computed from the
graduated data differs little from that computed from the
crude data. It should be noted tlmt for the ages 50 apd
above the graduated proportions were purposely main­
tained slightly above the crude data, to compensate for
the greater frequency of "old age errors" in the age state­
ments of unmarried women.
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(Ccmpleted :years)

IS to 24 .
25 to 34 ...••......
35 to 44 .
45 to 54..........•
55 to, 64 '••••

68.22
26.03
17.78
15.14
14.01

Graduated tid/a

68.20
26.IH
17.65
15.37
14.39



6. calculation of marriage rate.

The ffx rates, defined in formulae [3J and [3a],
are calculated, as explained in the note to sec­
tion 2, in relation to the total number of women
of each age, regardless of marital status. They can
serve as a basis for determining the marriage rates
of single women according to age.

Applying the symbols used in section 2 and
representing the marriage rate of single women in
their x th year by CX- I , the rate may be detemlined
by an approximate elementary process, according
to the following formula :

On the right-hand side of the equation, half the
numerator represents the number, of marriages of
single women in their x th year and half the denom­
inator for the average number of single women liv­
ing in their x th year.

To express the marriage rate independently of
the"numbers Ix which vary in different cases, we
may substitute the term Y5 (1x-l + lx) for both
Ix and 1»-1 in the denominator with a slight loss of
accuracy1.S; thus we obtain the final formula:

For example, for the twenty-fifth year of life,
applying, respectively, fonnulae [4] and [4a] to
the graduated figures for all woman and for single
women (table 3)" we have:

3·9Oro (374,661) _ 10 40Of.
140,498 ~. /0

2 (3.90 ro ) _ 10 4Oot.
75ro - . /0.

IB The loss of accUTaCY is negligible in the ages in which
the difference (I•.x - I.) is relatively small, as it is in
iri all ages having a high marriage rate.

14 It is also possible, as indicated in Section 4, that
some women who declared themselves to be married and
under 16 years of age, have given ages lower than their
actual age.
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The results coindde approximately. And the
same is true of the marriage rate at age 50.

0.14% (133,594)_091ot.
20480 -. /0,

2 (0.14%) _ 091ot.
30.68% - . /0.

The marriage rates of single women calculated
according to the formula [4a] are shown in col­
umn (c) of table 5.

In analysing the trends of these marriage rates
of single women by age, the meaning to be at­
tached to the declaration "married" in the census
(see paragraph 4 above) must not be forgotten.
The appreciable number of married women-and
therefore of marriages, in the present calcula­
tions-below the age of 16, which is the minimum
legal ,age for marriage, represents partly religious
unions and partly de facto unions.U

Rising rapidly after the fifteenth birthday, the
marriage rate of single women reaches its maxi­
mum, slightly under 14 per cent, at the age of 21,
then declines continuously to below 5 per cent at
31, 2 per cent at 39, 1 per cent at 49 and 0.5
per cent at 59.

7. Calculation of number of marriages of
single women

By means of, the present cakulations both the
graduated number of single women in each age
group from 13 to 70 on 1 September 1940, and
the marriage rate of single women for each age
group within those limits, were determined.u .

It was thus possible, on the basis of these statis­
tics of single women and marriage rates, to cal­
culate the number of marriages of single women
occurring in a year in the population of Brazil.

U The calculatiGn may'be completed by taking into
account 'the group of single women aged 70 and over
n!J!tlbering about 42,000, and, taking their estimated maT~
nage rate (0.05 per cent), assuming an additional 21
marriages, which, together with the 340,134 calculated in
the preceding ~ble, gives a total of 340,155.



TABLE 5

Calculation of the number of single women who marry during one year between the ages of 12 and 69.
based on the returns of the 1940 census of Brazil

Single Marriage Number of Single Marriage Number of
women rate per 100 .single women rate per 100 single
in their single WOtlUln' in their single w~"(.;-+l)tl women marrying {.;-+l)t" women marrying

Age year in their in their Age year in their in their
.;- (graduated {.;- + l)t" (r + 1)/10 ; (graduated (;+1)111 (.;-+I)tll

years data) year year years data) year year
(a) (b) (e) . (d) (a) (b) (e) (d)

12....• , ••.... , .• 520,924 0.05 260 40 ............... 35,467 1.74 617
13 ......•........ 508,399 0.30 1,525 41 ............... 33,327 1.65 550
14..............• 495,704 0.81 4,015 42............... 31,325 1.56 489

43 ............... 29.403 1.46 429
15............... 478,293· 2.93 14,014 44.....•.... , .... 27,460 1.36 373
16 ............... 443,649 6.34 28,127
17............... 396,159 8.81 34,902 45 ............... 25,358 125 317
18............... 348,836 1127 39,314 46 ............... 23,716 1.14 270
19............... 299,n9 13.16 39,444 47....••..•.....• 22,657 1.02 231

48....•.......... 21,513 0.97 209
20............... 255,901 13.73 35,135 49....•....... , .. 20,480 0.91 186
21, .............. 219,193 12.65 27,728
22 ............... 187,417 11.74 22,003 SO ••••••••••••••• 19,113 0.85 162
23 ................ 161,748 lU3 18,003 51 ............... 17,786 0.80 142
24 ............... 140,498 10.40 14,612 52 ............... 16,915 0.74 125

53 ............... 15,896 0.67 107
25............... 123,745 9.58 H,8SS 54............... 14,932 0.61 91
26 ................. 109,690 8.56 9,389
Zl ............... 96,610 7.52 7,265 55 ............... 13,890 0.58 81
28 ............... , 85,76& 6.38 5,4n 56................ 12,868 0.55 71
29 ............... 76,916 5.37 4,130 57 ............... 12,072 0.52 63

58 ............... 11,388 0.48 55
30., ............. 69,594 4.82 3,354 59............... 10,869 0.45 49
31 ............... 63,437 4.61 2,924
32 ............... 58,027 4.36 2,530 60 ............... 10,227 0.42 43
33•.............. 53,270 4.07 2,168 61 ............... 9,540 0.39 37
34 ............... 49,476 3.74 1,850 62 ............... 8,992 0.35 31

63 ............... .8,480 0.32 Zl
35 ............... 46,668 3.35 1,563 64 ....••......... 7,966 0.28 22
36............... 44,173 2.91 1,285

65.••............ 7,091 0.25 1837............... 41,655 2.41 1,004
38............... 39,397 1.90 749 66......•........ 6,288 021 13
39............... 37,436 1.82 681 67............... 5,943 0.18 11

68............... 5,535 0.14 8
69 ............... 5,147 0.11 6
12t069 .......... 5,943,956 340,13:r

The results of this calculation are shown in
column (d) of table 5, by individual years of age,
and summarized in table 6 by quinquennial age
groups.16 Adding to this the marriages of single
women aged 70 and over, as calculated in foot,..
note 15, we have an annual total of 340,155 mar­
riages of single women.

The distribution by age at marriage of single
women marrying may be summarized as follows:

Arithmetic mean of ages, 21.54 years;

Median age, 20.24 years;

Modal (i.e., most frequent) age, about 19 years.

IG Except for the first group, 12 to 14 years, which is
triennial.
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The absolute mean deviation from the arithmetic
mean is 3.81 years, or about 18 per cent of the
mean.

The age at the first quartile is 18.06 and at the
third, 23.48. In other words, about SO per cent of
single women who marry are between the ages of
18 and 23.5 years.

By relating the number of marriages of single
women to the population of single women in quin­
quennial age groups, the average marriage rates
of single women in these groups were calculated
(see table 6) ; these data can be used for inter­
national comparisons.17

17 In order not to interrupt the description of the calcu­
lations in question, some international comparisollS of the
marriage rate of single women are given in an appendix.



TABLE 6

Summary by age groups of the marriages of single women as derived from the
1940 census of Brazil

Age
(completed '!leal's)

(a)

Single women i,.
the age D"OUP

(graduated data)
(b)

Mamage"ate
per 100 single
women in the

age urou/>
(c)

Number of
single women
who marry

Cd)

12 to 14 .
15to 19 .
20 t024 .
25 to 29 ........•.............
30 to34 .
35 to39 ..............•.......
40 to 44 .
45 to 49 ...............•......
50 to 54 , .•...
5S to 59 ...............••..•..
60t064 ..
6St069 .

12t069 ..

1,525,027
1,966,666

964.757
492,729
293.804
209.329
156.982
113.724
84,642
61,087
45,205
30,004

5,943,956

0.38
7.92

12.lS
7.73
4.37
2.52
1.57
1.07
0.74
0.52
0.35
0.19

5.72

5,800
155,801
117.481
38,111
12,826
5,282
2,458
1,213

6Z1
319
160
56

340,134

8. Calculation of marriages of widows

To complete the calculation of the annual num­
ber of marriages in Brazil, the marriages of wid­
ows must also be taken into account. At present
their number can only be estimated with a wide
margin of error as complete data on the subject
are lackingY

International population statistics show that the
number of marriages of widows is generally small
in relation to those of single women (3.7 per cent
in Chile, 3.4 per cent in Portugal, 3.3 per cent in
Italy, 3.1 per cent in Argentina, 3.0 per cent in
Colombia, 2.8 per cent in Spain etc.B

). On a
rough estimate it may be assumed that the pro­
portion in Brazil is about 4 per cent.

It should be taken into account also that the
marriage rate of widows is presumably lower than
that of single women in the younger age groups

18 Partial data, relatively reliable, exist. In 1940 the
ratio of widowed brides to single brides among regis­
tered marriages was 3.4 per cent in the Federal District
and 2.7 per cent in the State of Sao Paulo.
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and higher in the older groups. Assuming that the
ratio between the marriage rate of widows and
single women is 0.51 in the age group 15 to 19,
1.00 in the age group 50 to 54 and 1.35 in the age
group 65 to 69, a regular succession of coefficients
was determined; 'this enabled the marriage tate of
widows to be calculated, as shown in column (c)
of table 7, from the marriage rates of single women
by age groups as given in column (c) of table 6.

These rates were then applied to the crude sta­
tistics of the number of widows,' and thus the
annual number ,of widows whg marry was ob­
tained (column (d) of table 7). In order to make,
this figure comparable with the figure for single
women, graduated (and not the crude) figures
for widows should be taken, but in view of the
wide margin of error in the computation, this par­
ticular adjustment was n<?t made as it would add
but little to the degree of accuracy.

~9 The data are for 1929~37 (Italy) or years within that
period (1929-36, Chile; 1929-35, Portugal; 1929~34,
Spain; 1936, Argentina and Colombia).



TABLE 7
Estimated annual number of widows who remarry

Age
(completed years)

(a)

12toI4 , .
15to19.......•..•............
20to24..............•..•....
25 to 29............•••••.•• _.
30 to 34................•••...
35to39.......•.••.....••...•
40 to 44.......•......•.......
45 to 49 ................•.•...
SOto 54..............•.•.....
55 to 59.................•....
60to 64............•••.......
65 to 69................•.....
70 and over .

12 and over .

Widows in the
age group

(crude data)
(b)

103
3.120

18,047
41,880
61,191
92,376

129,017
133,500
169.948
132,704­
167,007
106,975
226,421

1,282,289

Marriage rale
per 100 widows
in the age grQfl,jJ

(c)

0.19
4.04
6.7~

4.64
2.88
1.84­
1.27
0.%
0.74
0.58
0.43
0.26
0.10

1.01

Number of
widows

who TetnGrry
(d)

126
1,209
1,943
1,762
1,700
1,639
1,282
1,258

770
718
278
226

12.911

The total number of marriages of. widows is
12,9.11. The average age at which widows remarry
is slightly over 39.

According to this calculation the annual number
of marriages of widows, 12,911, is 3.8 per cent of

the marriages of single women, which is 340,155.

Table 8 gives a summary, by age groups, of the
distribution of marriages according to the marital
status of the bride from data given in tables 6
and 7.

TABLE 8

Suminary by age groups, of the women marrying in the course of one year,
classified according to marital status prior to the marriage

.M Cl T ria 9 e s

Ag'
(compleled years)

(a)

12 to 19..............• , .
20 to 29 .
30 to 39 .
40 to 49 .
50 to 59 .
60 to 69 .
70 and over .

12 andover .

Single women
(b)

161,601
155,592

18,108
3,671

946
216
21

340,155

Widows
(c)

126
3,152
3.462
2,921
2,028

996
226

12,911

Total
(d)

161,727
158.744
21,570
6,592
2,974
1,212

247

35J,066

12 to 19.... . .. . . 0.001
20 to 29 ..••..•.•.•••'. . . . . • • • • . . . . . . . . . . 0.02
30 to 39. . .. . . .. . . . .. . . . . . . . . . . .. . .. . .. . 0.19
40 to 49. . . . . . . . .. . . . . . . . .. .. . . . . . .. . .. . 0.80
50 to 59. . . . . . . . . . . . . . . . . . . . . . ... . . . . . . . 2.14
60 to 69. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 4.61
70 and over 10.76

In the younger age groups the marriages of
single women preponderate; as the ages rise the
proportion of marriages of widows rises, becoming
in its turn preponderant, as the following data
show:

Age
(complelea years)

Ratio between the
number of marriages

. of widows and
those of single women
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9. General marriage rates

Taking the round figure 340,000 as the annual
estimated number ofmarriag,es of single women,
and 13,000 as that of the' marriages of widows, we
have a total of 353,000 marriages per year.

In a population of approximately 41,250,000,
this corresponds to a crude marriage rate of 8.56
per 1,000 inhabitants.

In the period 1936-1940, the rates in some
American countries were as follows: United States,
10.9 per 1,000 inhabitants; Canada, 8.6; Chile,
8.4; Argentina, 7.1; Mexico, 7.0; Colombia, 4.9. 20

~o Rates given in the League of Nations Statistical
Yearbook, 1942·44.. p. 35.



a The countries are listed in descending order of the
marriage rates of single women,

The crude marriage rates for these countries in the
periods specified above are as follows: Poland 9.0, Brazil
8.6, France 7.9; Germany 9.6, Canada 6.8, Chile 8.1, Aus­
tralia 7.1, Italy 6.9, England and Wales 7.8, Portugal 6.8.

On account of the considerable differences ill the com­
position of the populations as regards age and marital
status, the order of countries according 'to specific mar­
riage rates is different from that according to crude
marriage rates.

For comparisons with European countries, it
seems advisable to consider the period 1936-1938,
excluding later years during which the 'marriage
rate was affected by the war. During this 'period
the crude marriage rate was 9.2 per 1,000 inhab­
itants in Gennany, 8.8 in England and Wales,
8.2 in Poland, 7.8 in Italy, 6.6 in France and
6.4 in Portugal.20

The crude marriage rate computed for Brazil
does not differ greatly from those of other coun­
tries; but it cannot for that reason be considered
reliable, since, as the foregoing data show, the
range of variation in the marriage rate is very
widej

Another internatiopal comparison may be made
for the marriage rates of single and. of widowed
women aged IS and above. The data given be1ow21

show that in this comparison Brazil is among the
first. In this connexion it should be noted that in
comparisons of the crude marriage rate, Brazil
takes a lower place on account of the high pro­
portion of children in her population who do not
contribute to the marriage rate.

In this comparison also, the rates for Brazil do
not differ greatly from those for other countries;
this suffices to show that they are not improbable
but does not prove that they are approximately
exact.

Period Single worncn Wido~

, M an-wge rate per 100
WOl."en aged 15 and above

10. Calculation of table of first marriages in
a female generation

Another interesting application of the marriage
rates of single women, as given in column (c) of
table 4, is to determine the frequency of first
marriage for women in 'a hypothetical generation,
assumed to be constantly subject throughout its
existence to the mortality and marriage rates ascer­
tained for Brazil.

Taking as a basis for calculation the life, table
constructed by Bulhoes Carvalho for the capitals
of Brazil, as corrected and adjusted by G. Mor­
tara,U column (d) of table 9 gives the number of
single women surviving at each birthday from
12 to SO, as obtained by applying to the total num­
ber of survivors the graduated percentages of
single women given in column (b) of table 4,

By taldng one-half of the total number of sin­
gle women surviving at two consecutive birthdays,
the average number of single women living in each
year from 13 to 50 (column (b) of table 10) was
then calculated; and by applying to the number of
single women 'living at each year of age the ap­
propriate marriage rate (column (c)), the num­
ber of marriages of single women (column (d))
was obtained.

For age SO and over the calculation was made
in larger age groups, as indicated in the note to
table 10.

The total number of marriages of single women
is 2?,OOO.!l8 This figure may be compared either
with the initial number of wo.men composing a
generation (48,544 out of a total of 100,000 of
both sexes at age 0), or with the number of sur­
vivors at the twelfth birthday, taking that as the
initial de facto marriageable age.

We then have the following comparison:

Out of 48,544 female live births: 14,421 (29.71
per cent) died before reaching their 12th birthday;
34,123 (70.29 per cent) survived their 12th birth-.
day; 27,000 (55.62 per cent) married after their
12th birthday; 7,123 (14.67 per cent) died un­
married after their 12th birthday.

Out of 34,123 women surviving their 12th
birthday: 27,000 (79.13 per cent) married sub­
sequently; 7,123 (20.87 per cent) died unmarried
subsequently.

It will be observed that more than one-half of
the women of the generation, and rather less than

0.92
1.01
0.61
0.50
1.38
0.77
0.72
0.54
0,89
0.51

7.52
7.50
7.36
7.07
5.65
5.64
5.40
5,29
5.15
4.54

Country"

Poland ..•.......... 1929-32
Brazil . . . . . .. 1940
France ...........•. 1929-32
Germany ........•.. 1932-34
Canada 1929-32
Chile __ __ . . .. 1929-32
Australia ' 1932-34
Italy ,...... 1929-32
England and Wales.. 1929-32
Portugal __ 1929-32

to Rates given in the League of Nations Statistical
Yearbook, 1942-44, p. 35.

21 Data taken from the Ape,.p,f, de fa Demographie des
Divers Pa~'s du Monde, 1929-1936, of the International
Institute of Statistics, p. 160, with slight corrections to
obtain rounded figures.

22 Revista BTasileira de E.rtati,rticCl, No.4, 1940, pages
683 and 684.

28 The fact that this total is a multiple of 1,000 is a
coincidence and not the result of rounding the figure.
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four-fifths of those who survived their 12th birth­
day, married.

The average ages of single women who marry
may be summarized as follows:

Arithmetic mean, 22.37 years;

Median, 20.65 years;

Mode, slightly over 19 years.

These averages relate to a stationary population
with mortality and marriage rates constantly equal
to those found in Brazil. They are slightly higher
than those .calculated above (section 7) for the
actual population of Brazil which is increasing and
not stationary, and thus more numerous in the low­
age groups and less numerous in the old-age
groups than a stationary population.

TABLE 9

Calculation of single women surviving to each age between 12 and 50, according to the 1920 life table
(BC Cap. Adjust.) and the percentages of single women according to the 1940 census of Brazil

I nde~ numbers of women
surviving

Age
:r

years
(0)

12 .
13 .
14 .

15 .........•." .
16 .
17 .
18 .
19 ................•.•

20 .
21 .
22 .
23 .
24 .

25 .................••
26 .
27 .
28 .
29 .

30 .
31 .
32 .
33 .
34 , .

35 .
36 .
37 .
38 .
39 ' .

40 .
41 .
42 .
43 ~ .
44 _
45 .
46 .
47 .
48 ...•.••............
49 .

50 .

Women
surviving
at.7: years

(b)

34.123
34,001
33,873

22,739
33,591
33,413
33,196
32,931

32,629
32,288
31,920
31,547
31,174

30,801
30,428
30,053
29,677
29,300

28,920
28,539
28,154
27,767
27,377

26.983
26,585
26,183
25,777
25,366

24.949
24,527
24,100
23,666
23,226

22,780
22,326
21,866
21,398
20,922

20,439

Percentage
graduated
of single
wonun
among

'Women aged
x years

(c)

100.00
99.95
99.65

98.85
96.00
90.10
82.50
73.70

64,60
56.30
49.60
44.10
39.45

35.55
32.30
29.65
27.50
25.80

24.45
23.30
22.25
21.30
20.45

19.70
19.05
18.50
18.06
17:72

17.40
17.10
16.82
16.56
16.32

16.10
15.90
15.72
15.56
15,41

15.27
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Single
wonun

surviving
at % years

(d)

34,123
33,984
33,754

33,351
32,247
30,105
27,387
24,270

21,078
18,178
15,832
13,912
12,298

10,950
9,828
8,911
8,161
7,559

7,071
6,650
6,264
5,914
5.599

5,316
5,064
4,844
4.655
4,495

4,341
4,194
4,054
3,919
3,790

3,668
3,550
3,437
3,330
3,224

3,121

TOtal
(e)

10,000
9,956
9,903
9,839
9.761

9,671
9,570
9,461
9,350
9,240

9,129
9,019
8,907
8,796
8,684

8,572
8,459
8,345
8,230
8,114

7,998
7,880
7,760
7,640
7,518

7,395
7,270
7,143
7,014
6,884

6,752
6,617
6,481
6,342
6,201

6,058

Single
WOmen

(f)

10,000
9,669
9,027
8,212
7,277

6,320
5,451
4,747
4,171
3,687

3,283
2,947
2,672
2,447
2,266

2,120
1,994
1,878
1,773
1,679

1,594
1,518
1,452
1,396
1,348

1,302
1,258
1,216
1,175
1,136

1,100
1,064
1,031

998
967

936



TABLE 10

Nuptiality table for single women between the ages of 12 and 50 yearsll

Difference
M4mage between
rate per Number of numbers

Single 100.ringle single of single Deaihsof
womttl women Wo7lU'Jl wometl single.
in their in the who mlSrry in their surviving to women1n

Age (~+l)f1J (so +1)tA (~+l)t" so'A and to (so+1)IA (so +1)tA
so years year of age yeor of age year of age year of age year of (Jgt

(0) (b) (c) (d) (e) (f)

12................... 34,054 0.05 17 139 122
13 ....•.............. 33,869 0.30 102 230 128
14............... _... 33,553 0.81 272 403 131

15 ................... 32,799 2.93 961 1,104 143
16................... 31,176 6.34 1,977 2,142 165
17................... 28,746 8.81 2,533 2,718 185
18 ...••.............. 25,829 11.27 2,911 3,117 206
19.••................ 22,674 13.16 2,984 3,192 208

20................... 19,628 13.73 2,695 2,900 205
21 ................... 17,005 12.65 2,151 2,346 195
22................•.. 14,872 11.74 1,746 1,920 174
23 ................... 13,105 11.13 1,459 1,614 155
24 ................... 11,624 10.40 1,209 1,348 139

25................•.. 10.389 9.58 995 1,122 127
26 ..•................ 9,369 8.56 802 917 l1S
27................... 8,536 7.52 642 750 108
28 ................... 7,860 6.38 501 602 101
29................... 7,315 5.37 393 488 95

30••................. 6,861 4.82 :131 421 90
31 ................... 6,457 4.61 298 386 88
32 ................... 6,089 4.36 265 350 85
33................... 5.756 4.07 234 315 81
34................... 5;458 3.74 204 283 79

35 ................... 5,290 3.35 174 252 78
36 ................... 4,954 2.93 145 220 75
37................... 4,749, 2.41 114 189 75
38................ , .. 4,575 1.90 87 160 73
39................... 4,418 1.82 80 154 74

40 ................... 4,268 1.74 74 147 73
41 ................... 4,124 1.65 68 140 72
42 ................... 3,986 1.56 62 135 73
43 ................... 3,855 1.46 56 129 73
44 ..'...........••••.• 3.729 1.36 51 122 71

45 .....•............. 3,609 1.25 45 118 73
46........•.......... 3,493 1.1'4 40 113 73
47•.................. 3,384 1.02 3S 107 72
48•••.•... ,....••..••• 3,277 0.97 32 106 74
49; .................. 3.172 0.91 29 103 74

12w49 .....•........ 26,774 31,002 4,228

& The calculation may be completed for age 50 and over a s follows:

Nm..ber of
Age Single wom"", at Marriage rate sillqJe WOme..

Co".pldetl 'Jears specified ages per 100 .ingle wom"" who marry

50 \0 59 •••.•.•.•
60 to 69 ..
70 and over .

26.432
17,164
11.046

0.64
0.30
0.05

169
51
~
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If the ages 50 and over are included, the total number
of marriages of single women becomes 27,000 and the
number of deaths after the 12th birthday, 7,123.



11. Supplementary calculation of s"ond and
subsequent marriages

To complete the calculation of the marriages of
women in the generation considered, an estimate
of the marriages of widows was made, assuming
that the ratio of such marriages to those of single
women in that generation, was the same as that

calculated for the population of Brazil in each age
group as given in table 8.

The results of this estimate are shown in col­
umn (c) of table 11. The total number of mar·
riages of widows in the generation undel" consid­
eration was 1,687, or 6.2 per cent of the marriages
of single women.U

TABLE 11

Distribution of marriages of women in one generation, by age groups and
marital status prior to marriage

Marriages

Age
(completed years) Single women Widows Total

(a) (b) (c) (d)

12 to 19........................ 11,757 9 11,766
20t029 ..........•............. 12,593 256 12,849
30 to 39........................ 1,932 369 2,301
40 to 49....................•..• 492 391 883
50 to 59..•...........•..•...... 169 362 531
60 to 69........................ 51 235 286
70 and over .................... 6 65 71

12 andover ....... ~ ...... ~ ..... 27,000 1,687 28.687

12. Additional observations

Tables 9 and 10 present some additional calcu­
lations.

Columns (e) and (f) of table 9 show in index
form, based on the exact age of 15 years (15th
birthday), the total numbers of women surviving
and the number of single women in particular, as
giyen in columns (b) and (d) of the table.

These data can be used for international com­
parisons; it was precisely with this possible use
in view that the age of 15 instead of 12 years, was
taken as a basis.

In the generation of women as a whole, 60.58
per cent of the women who survived their fifteenth
birthday also survived their fiftieth birthday. As
regards single women the proportion is only 9.36
per cent in the whole generation. If we assume that
mortality is the same in the various marital status
categories, it may be calculated that of 100 women
survivi'l1g to the age of fifteen years, 60.58 per cent

24 The proportion of the total marriages of widows of
all ages to. those of single women of all ages is greater
in a hypothetical stationary population than in a real in­
creasing population on account of the higher proportion
of persons in the mature and old-age groups in the fonner.
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were still alive at SO, 9.36 per cent of whom were
single while .51.22 per cent had been married,
whereas 39.42 per cent died between their fifteenth
and fiftieth birthdays, 11.53 per cent of whom were
single while 27.89 per cent had been married.

The distribution by age of deaths of single
women occurring between their twelfth and fiftieth
birthdays is shown in column (f) of table 10. As
column (d) of table 9 gives the numbers of single
women, in the generation under consideration,
surviving at subsequent birthdays, it is easy to
calculate the difference between the number of
women surviving at two consecutive birthdays
(column (e) of table 10). As the difference be­
tween the number of single women surviving
at ;r years and those surviving at (x+ 1) years is
equal to the sum of the numbers of single
women who married at the age of (;r+1) and
those who died at the same age, and as the total
and the first factor are known, the second factor
can be calculated by subtraction.25

2~ The number of single women dying in each age
group may be calculated directly by taking the average
number of single women alive at each age and applying
the- general mortality rate. This calculation was in fact
made in order to check the method described in the text.



13. Conclusion

The results of the present study may be judged
either from the methodological or the demographic
point of view.

From the _ technical standpoint, the process
which has been used to deduce the marriage rates
of single womert by age from the crude census
figures of the -female population, tabulated by age
and marital status, is undoubtedly interesting.

However, it is easy to' explain why, so far as
is known, this process has not been applied in
other countries. In the first place, all the countries
advanced in population studies possess reliable
marriage statistics and by co-ordinating these with
the crude census figures they can obtain direct and
almost exact marriage rate figures, instead of indi­
rect and largely approximate figures as in the
process described. In the second place, a relative
stability in- the vital rates of the population is an
essential condition for the useful application of
this process; and this condition is not fulfilled in
most of the countries of the western world, where
these rates have changed rapidly and to some
extent irregularly during recent decades.

Brazil is one of the rare countries in which the
process here described and adopted can be used
with the expectation of obtaining sufficiently exact
results. It would, however, be going too far to
attempt a quantitative measure of the degree of
approximation; the crude marriage rate, which

was calculated to be 8.56 per 1,000 inhabitants,
may in reality be over 9 or below 8.

From the demographic point of view, how­
ever, it marks a great advance from the previous
situation to have verified that the crude marriage
rate in Brazil is of the order of 8 to 9 per 1,000
inhabitants.26 It was hardly possible from the
civil register statistics to state that the rate wa.s
above 3 per 1,000.

It should be added that the classification, ac­
cording to age, of single women who marry and
the data summarizing this classification, together
with the estimate of the classification according
to age, of widows who remarry, though not
representing the real picture as precisely as do
the classifications established by other countries
from complete marriage registers, gives a prelimi­
nary picture of previously unknO\'ffi characteristics
of the marriage rate in Brazil.

Further detail is also added to the picture by
the analysis of the marriage rate tabulation show­
ing the trend of the marriage rate in a given
female generation.

The elements presented in this study may serve
a useful purpose not only for the demographer
but also for the sociologist until such time as the
civil register statistics will supply direct and com­
plete data on the matter-a time which does not
yet seem near at hand, much as one would wish
it so.

APPENDIX

Some international comparisons of the marriag~ rates of single women by age groups

1. Taking the average annual marriage statis­
tics for a period for which the census figures may
b~ considered to give the mean population, and
comparing them with the crude census population
figures, the general marriage rate, that is, the
marriage rates for the population as a whole, or
the special marriage rates, that is, for a given
group of inhabitants, may be calculated.

Table 12 shows the basic data and results of
such calculations of the marriage rates of single

26 It should be remembered that by reason of the wide
interpretation given to the status "married" in the census
declarations, the calculations made in the present study
produce a 111arriage rate appreciably higher than that
which would be obtained jf the computations were based
on the data for married women in the restricted legal
sense of that term.
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women by age groups, for seven foreign coun­
tries.21 The comparative data for Brazil given
in the same table differ from those for the other
coun'tries, since the marriage figures were obtained
from indirect calculations, as explained in the fore­
going study, instead of being obtained directly
from civil registration.

To .facilitate comparison, table 12 below gives
the marriage rates, extracted from table 15.

21 The comparison of marriage rates for single women
aged fifteen and above given in section 9 of the present
paper included Canada and Chile in addition to the eight
countries considered here. For Canada and Chile the
sources utilized do not give the distribution ~f brides by
age.



TABLE 12

International comparison of marriage rates per 100 single women according to age groups

Eng/11M
Ag~ P"land Br<Uil FrlJ1lC>! Ger11l<J"Y AustraliG Italy lind Wales P,,"u{ftJl

(Comp/deli :tears) 1929.34 194(1 1929-32 1912.14 19iz·14 1929·]2 1929·]2 1929·32
Co) (b) (c) (d) (~) (J) (g) (Is) W

15 to 19. " .•...•......... 4.08 7.92 4.07 2.27 2.63 2.48 1.66 2.42
20 to 24.................. 12.05 12.18 18.12 11.56 10.54 10.80 10.58 9.56

25 to29.................. 1223 7.73 14.15 13.85 11.26 9,72 11.90 7.94
30 to 34..............•... 8.34 4.37 6.62 7..32 6.15 5.16 5.72 4.63
35 to 39.................. 4.97 2.52 3.60 3.52 3.13 2.96 2.70 2.73
40 to 44...............•.• 2.66 1.57 1.99 L86 1.63 1.63 1.48 1.66
45 to 49..........••••..•• 1.51 1.07 1.16 0.97 0.94 0.93 0.96 1.11

50 andover .............. 0.44 0.45 0.28 0.17 027 026 0.31 0.28

15 and overa ............. 7.52 7.50 7.36 7.07 5.40 5.29 5.15 4.54

.. Including the cases in which the age was not reported.

A cursory examination of table 12 suffices to
show that the graph of the marriage rate in terms
of age differs greatly in the various countries.

The general shape of the curve is always simi­
lar. The marriage rate rises rapidly from the ini­
tial marriageable age to a maximum which, in all
countries, is still a young age, and descends grad­
ually thereafter to very low values in the higher
ages.

But in spite of the general similarity the graphs
for the various countries differ noticeably.

The maximum marriage rate in the different
countries is reached at different ages. In Brazil it
is reached at 21; in France, at 23; in Italy and
Portugal, at 25; in Poland, Australia, England
and Wales, at 26; in Germany, at 27. 28

The maximum figure is different, however, vary­
ing from 11 or 12 per cent (Portugal) to 19 or
20 per cent (France).

In the 15-19 age group, the highest marriage
rate is that of Brazil, nearly 8 per -cent; the low..
est, that of England and Wales, below 2 per cent.

In the 20-24 age group, the highest rate is in
France, 18 per cent; and the lowest in Portugal,
under 10 per cent.

In the 25-29 year group, France retains the first
place, with a 14 per cent J:ate, but the rate for
Germany is not much less; the lowest rates-

liB Thedetenninations of the ages at which the maxi­
mum marriage rate is reached are approximate for all
the foreign countries.
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below 8 per cent-are those of Portugal and
Brazil.

In the 30-34 age group, Poland has a higher
marriage rate, above 8 per cent, whereas the low­
est is Brazil's, slightly above 4 per cent.

In the 35-39 year age group, the highest rate is
that of Poland, with nearly 5 percent, almost
double the minimum, which is Brazil's.

In the higher ages the interest of the comparison
diminishes on account of the low level of the mar­
riage rates.

1;'0 sum up the general impression resulting
from the comparisons made in table 12, it may be
said that Brazil's main characteristic is the early
age of marr~ge.

* ... *
2. This characteristic is brought oilt more

clearly in the comparison in table 13 of the per­
. centage distributions by age of single women who
marry.

The number of brides in the age group 15-19
in Brazil is 46.60 per cent of the total, whereas in
the other countries considered the percentages are
much lower, varying between a maximum of 22.23
per cent for Poland and 'a minimum of 7.68 per
cent for Germany.

The number of brides 'in the age group 20-24
is only 35.14 per cent in Brazil, whereas in the
other countries it varies between a maXimum of
50.58 per cent for Italy and a minimum of 46.21
per cent for Australia.



TABLE 13

International comparison of the percentages of single brides in each age group.

Percentages per 100 brides of known age

Engll:nrl
Age Pol~nd B~aejJ France Germany A ....lrali4 Iiedy "nd Wedes Po1tllgcJ

(Con>j>leted ,eMJ) 1929·34- 1940 1929-32 1932·34 1932·34 1929"32 1929·32 1929·32
(0) (D) (c) (d) (,) (I) (g) (Ii) (i)

15 to 19.....•..........•. 22.23 46.60 18.98 7.68 17.07 17.53 9.59 18.44
ZOto24.............. , ... 46.63 35.14 50.52 47.75 4621 50.58 48.18 48.30
25to29.................. 20.83 11.40 19.31 31.09 24.18 20.60 18.57 20.50
30to34.................. 6.73 3.84 6.17 8.84 7.34 6.56 7.89 6.81
35to39. , ............. , .. 2.28 1.58 2.68 2.87 2.83 2.68 2.89 2.92
40 to 44.................. 0.78 0.73 1.19 1.12 125 1.13 1.31 1.52
45 to49 .................. 0.29 0.36 0.59 0.43 0.60 0.49 0.75 0.79
SO and over, ............. 0.23 0.35 0.56 0,22 0.52 0.43 0.82 0.72
15 and over ........ , ..... 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00

In the age group 25-29 Brazil again figures last,
with 11.40 per cent, much below the other coun­
tries, which vary from 31.09 per cent (Gennany)
to 19.31 per cent (France).

The proportion' of brides aged 30 and above is
only 6.86 per cent in Brazil, varying in the other
countries between a maximum of 13.48 per cent in
Germany and a minimum of 10.31 per cent in
Poland.

* • *
3. The comparisons made in the preceding para-

graphs refer, for the foreign countries, to a short
period around 1930.

An analysis of census figures would provide a
more extensive retrospedive picture.

In table 14 the experiment of using the census
statistics for this purpose was tried and the pro­
portions of women remaining single at the age of
50 are given for the same group of countries.

These proportions were calculated for a decen­
nial age group, aNd not for a one-year group, in
order to diminish the influence of errors in age
declarations, as described above.

TABLE 14

International comparison of the proportion of single women in the female population
between the ages of 45 and 54

Women between the ages of 45 and S4

Single women

Country Year
(0) (ll)

Poland.. . . .. •. . . . . . . .. . . . . . 1931
Brazil , . . . . . . . . . . . . . . . . 1940
France 1931
~rmany ...•...•.•......... 1933
Australia 1933
Italy ..............•••....• 1931
England and Wales.......... 1931
Portugal :...... 1930

Total
(e)

1,388,893
1,.3Il,6&l
2,721j729
4,048,356

360,839
2,111,469
2,632,703

354,859

Absolute figure
(d)

93,753
198,650
296,949
464,369

51,930
261,011
430,817
60,450

Per cent
(e)

6.75
15.14
10.91
11.47
14.39
12.36
16.36
17.03

Poland and France, with the highest marriage
rates, similarly -have the lowest proportions of
single women at SO; and England and' Portugal
with the lowest marriage rates have the highest
proportion.

The proportion of single women in Brazil seems
high in view of the high marriage rate in the
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younger age groups; but the low marriage rate in
the age groups over 25 must be taken into ac­
count.29

29 MoreoVer, the number of "single women" in the
higher age groups includes many women living in con­
jugal unions of a stable nature, as was indicated in other
studies of the 1940 population census ngures.



TABLE 15

Marriage rates of single women by age for various countriesll

Mamagts
Marriage Marriog,

,oie Marriages roieAge of per100 of per100(completed Single singlt single Single single singleyears) women women women women women women(a) (b) (c) (d) (b) (e) (d)

POLAND BRAZll.
15 to 19.••••••.•...•..•• 1,460,791 59,663 4.08 1,966,666 155,801 7.92
20 to 24. -...•.....•...... 1,038,493 125,121 12.05 964,757 117,481 12.18
25 to 29........•..... '" 456,877 55,884 12.23 492,729 38,111 7.73
30 to 34.....•........... 216,654 18,062 8.34 293,804 12,826 4.37
35 to 39........•.•...... 122,986 6,107 4.97 209,329 5,282 2.52
40 to44 ..•............... 78,925 2,101 2.66 15<:i,982 2,458 1.57
45 t049 ................. 52,207 787 1.51 113,724 1,213 1.07
50 and above ............ 140,124 610 0.44 262,938 1,183 0045
Unknown ............... 5.558 186

--
IS and above ............ 3,572,615 268,521 7.52 4,460,929 334,355 7.50

FRANCE GERMANY
15 to 19......•.•.••....• 1,406,560 57,309 4.07 1,996,232 45,260 2.27
200024........•.......• 841,761 152,501 18.12 2,434,349 281,431 11.56
2510-29........•........ 412,050 58,303 14.15 1,322,974 183,210 13.85
30 to 34........•......•. 281,665 18,640 6.62 712,075 52,090 7.32
35 to 39................. 224,761 8,089 3.60 481,133 16,921 3.52
4Oto44..•...•..•....... 180,113 3,580 1.99 353,415 6,575 1.86
45 ro49 ................. 153,864 1,783 1.16 261,655 2,550 0.97
50 and above ......•..... 602,808 1,694 0.28 771,525 1,323 0.17
Unknown ...•.•... ~ •....

IS and above ............ 4,103,582 301,899 7.36 8,333,358 589,360 7.07

AUSTRALIA ITALY

151029................. 289,9_49 7.,613 2.63 1,931,289 47,846 2.48
20t024................. 195,535 20,617 10.54 1,277,936 138,040 10.80
25 to 29................. 95,863 10,790 11.26 578,356 56,206 9.72
30to34..•.............. 53,249 3,275 6;15 347,132 17,899 5.16
35t039 ................. 40,360 1,263 3.13 247,240 7,321 2.96
40 to 44 .......•......... 34,178 558 1.63 187,907 3,067 1.63
45 t049 .... , ............ 28,519 268 0.94 144,719 1,348 0.93
50 and above ............ 86,027 230 0.27 443,893 1,170 0.26
Unknown ...........•... 1,768 3,558 349

--
IS and above ............ 825,448 44,614 5.40 5,162,030 273,246 5.29

ENGLAND AND WAl:£S POIlTUGAL

15to19....... , •..•....• 1,693,820 28,048 1.66 333,306 8,074 2.42
201024 ................. 1,332,051 140,897 10.58 221,176 21,153 9.56
25t029 ..•...•. , •......• 702,110 83,526 n.90 113,036 8,979 7.94
30 to 34......•.......... 403,283 23,080 5.72 64,516 2,985 4.63
35to39..••......•.....• 313,030 8,453 2.70 46,816 1,277 2.73
400044................. 260,015 3,836 1.48 39,941 665 1.66
4S 1049......•.........• 229,213 2,193 0.96 31,190 346 1.11
50 and above ............ 768,tl53 2,401 0.31 110,947 314 0.28
Unknown ..............• 1,523 3,663

15 and above ••.•••••••.• 5,702,375 293,957 5.15 964,591 43,793 4.54

--The census figures from which the population data given in column (b) 'were taken are given in table 14; the
periods to which the average annual number of marriages in column (c) refer are given in table 12. . _

The data for the foreign countries were from the Aper", de la Demographie des Divers Pays du Monde, 1929-1936.
except those for Italy which are' from the Annuario Statistico Italiano of 1934.
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IV. FERTILITY AND REPRODUCTION RATES 1

1. Various methods of computing fertility
rates

The study of the fertility of women, which is fun­
damental for the knowledge of a country's demo­
graphic characteristics, is normally based upon a
combined use of civil registration and of popula­
tion censuses.

The former gives the numbers of confinements
or births occurring in a period of one or more
years close to the date of the census; the latter
provide material for calculating the average num~

ber of women of child-bearing age during that
period.

Births may be divided into live births and still
births, legitimate and illegitimate, etc. ; or grouped
according to the characteristics of the mother, such
as age, colour, nationality; occupation, etc.; or
classified according to their place in the total
sequence of children born of the mother or of the
marriage, etc.

Women may be classified according to marital
status, nationality, occupation, etc.; divided ac­
cording to colour, age, etc.; or grouped by the
number of children ever born, etc.

Fertility rates are obtained by comparing the
groups of births with the corresponding groups of
women-for instance, the annual number of chil­
dren born of mothers of 25 _completed years of
age with the average number of women of that
age alive in a given year, and the number of sec­
ond children of a given group of women with the
number of women in the group having one child.

The rate is the value of the ratio expressed in
the form of a percentage or some other power
of b;n.

Fertility rates are based on the total number of
women, usually including those as yet childless.
For instance, in the above example, rates may be
obtained by a comparison between the number of
children born of mothers aged 25 and the total
number of women of that age.

1 Translated from section I of "Estudos sobre a fecun­
didade e a prolificidade da mulher no Brazil, no conjul1to
da popula~ enos diversos grupos de cor". Instituto
Brasileira de Geografia e Estatistica. Estudos de Estatis-
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If appropriately classified birth statistics only
were available, it would be possible approximately
to calculate the fertility rates, in spite of the par­
tiallack of the corresponding census data regard­
ing women. Much conjectural work of this kind
has already been done for countries which possess
reliable civil register statistics but lack adequate
census data. -

The opposite is the case in Brazil, as civil regis~

tration statistics cannot be used because of their
serious deficiencies, whereas the 1940 population
census affords copious and, what is more, reliable
data.

To illustrate the possibilities of utilizing these
data, a brief preliminary exposition of methods
may not be out of place.

Z. Derivation of fertility rates by age from
data. a.bout a generation of women

Suppose we follow a given group of women
of the same age, and observe th~ over a period
of time, noting the number who reach each suc­
cessive birthday and the number of children they
have during each year.

Taking l", as the number or women surviving
to the x tll birthday, the quantity L", which denotes
the average number of women alive during the
(:r + 1) til year of age may be obtained by the
approximate formula

L - [1' +.lx+ 1
1'- 2

And, sinc.e ix, the number of children born of
the women under observation during the (x+l)th
year is known, we may compute the ratio:

b1' = t, [1]

and this, multiplied by 100, gives the fertility rate
of the women at the (x+1) t.h year of age.

If women's initial reproductive age is fixed as
the ~"t!l birthday, the sum of the fertility ratios

bl + 01+1 +... + bX~2 + b",--J. = B1' [2]
gives the cumulative fertility ra~io BlI: up to the

tica Teorica e Aplicada; Estatistica Demogr6fica. No. S.
Rio de Janeiro. 1949. By G. Mortara. Dr. Jose Etrog col­
laborated in the calculations and preparation of the
tables.



for all values of z.

remains true for all values of x, and similarly, by
virtue of formula [2]

The ratios of type [1a] differ from those of type
[ 1J on accotmt of the difference in the composi­
tion of the groups observed.

The data which appear in formula [1] are ob­
tained by observation of a single group of women,
throughout the wHole reproductive period of their
life.

The data which appear in formula [laJ are ob­
tained by the simultaneous observation of various
groups of women, each group being observed for
one year.2

In a population with demographic characteris­
tics which remain strictly stable over a period of
time, the equation .

3. Application of this process using Census
data for a population with stable vital rates

If, in the population census, women were re­
quested. to state the number of children they had
borne as at the date of the census, as was done in
the Brazilian census schedules in 19408---ct1mula~

tive fertility ratios could be calculated from the
data received.

In effect, the census figures would give both L'x,

the number of women aged % q>mpleted years, and
the total number of .children born to them as at
the date of the census. These women would be
between their x th and x + 1th birthdays, hence
their average age could be considered approxi­
mately (x + ~) years j and the number of chil­
dren born to them could be taken to represent the
reproductive activity of that group of women up
to that age.

The ratio between the number of children born
and the number of women is a cumulative fertility
ratio analogous to Bx in fonnula [2], differing
from the latter only in that it indicates the fertility
of the group considered up to the exact age
(z + ~) instead of up to the exact age x.

From such ratios it is possible to ascertain, for
instance, the cumulative fertility ratio at 39.5 years
of the group of women who at the time of the
observations were passing through their 40th year
and at 40.5 for those who were passing through
their 41st year.

In a population with demographic characteris­
tics remaining strictly stable over a period, the
cumulative fertility ratios at each given age would
be the same for various groups of women, so that
a mean of the ratios at 39.5 years and at 40.5 years
would represent the ratio at the exact age of 40,
or, in other words, up to the 40th birthday. This
would thus be a ratio of the type Br. in formula [2J.
And the difference between this .B"o ratio and the
ratio Bs9' calculated similarly in relation to the
exact age of 39, would give, by formula [3], the
value of bsg, the fertility ratio in the 40th year.

[4]

[51

[Ia]

b'x= Ox

x th birthday, which, multiplied by 100, is the
cumulative fertility rate as at the x th birthday.

Hence
Bxh-Br..=or. [3]

by which, if the cumulative fertility ratios Bx are
known, the fertility ratios according to years of
age, Or., may be calculated.

By means of a comparison between the data
on births taken from the civil register statistics,
and those on the number of women taken from
the census, it is possible to calculate th~ ratio!'
between the number, f'r., of children born within
a one-year period (i.e., withiri one of the years
observed, or for an average of two or more years)
and the average, L'.x, of women aged x completed
years alive at that period:

1':r.
br
--­

x- L'r.

~ The expression used ill the text is llot strictly correct.
If the census were taken at the middle of the year ob­
served, the group of women aged .t" completed years, i.e.
in their (.%' + 1) th year of age, would include some women
who at the beginning of the year considered were still
in their .%'tI> year and some women who at the end of the year
in question would already be in their (x + 2) tI> year,
and would not include some women who at the beginning of
the year considered were still in their (.%' + 1) th year
OF some women who at the end of that year would already
be in their (.%' + 1) th year. Therefore, the group of.
"women aged x completed years", appearing in a census
taken in the middle of the year considered, only partly
coincides with the group who are the mothers of the
"children born of women aged.%' completed years" in the
course of the year considered. But, as a rule, the differ-

ence between the numbers forming illese two groups is
relatively small, so that the number tepresenting one of
them may be taken as a sufficiently accurate figure for
the other.

The preceding considerations may also readily be ap­
plied to the case of a census taken at the beginning ~':'

end of the year observed, or at some other date not 1~

the middle of. the year. They may also be extended to the
case in which the number of births ~epresents the annual·
average, calculated on the basis of observations taken over
two or more years, and the number of 'Women represents
the average of those alive during the period;· in this case,
however, the degree of accuracy is generatly higher.

aWomen were asked to state the number of children
they had had, specifying whether born alive or still-born.
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The characteristics of the Brazilian population
as regards the frequency of births are not strictly
stable.· However, the rate at which the frequency
changes over a period of time is relatively slow, as
previous studies have indicated.' It seems justifi­
able, therefore, to take formula [.3J as applicable,
not strictly but approximately, to the B:< type of
ratios which can be calculated from thE: 1940 crude
census data. And hence from the results of those
calculations it seems possible to calculate the b:r.
fertility ratios according to age.

If it were correct to assume that the demo­
graphic characteristics of the Brazilian population
are apptyximately constant, and if the census rew

turns were not affected by systematic errors, it
would be relatively simple to determine the age­
specific fertility rates of the female population.

It would suffice to calculate the fertiiity rates as
at the exact ages of (i+O.5), (i+1.5), (i+2.5)
etc.; to estimate from these the fertility. rates as
at the exact ages (i+1), (i+2), (i+3); and
finally, from the difference between each term of
the latter series and the preceding tenn, to calcu­
late the fertility ratios in the (i+l)th, U+2)tb,
and (i+3) th, etc. years of age.

But the real calculation is much more laborious
owing to the errors which affect the crude data.

The successive stages of the procedure applied
will be explained in the following paragraphs.

4. Calculation of cumulative fertility rates
from crude data

Table 1 gives the crude data. ~ on the num-

'See in particular studies 25A and 36 in the. above~
mentioned series "Applications of the DemographiC Cen­
sus". In addition, this stability is confirmed by the results
of the investigations made in the present study for the
ages 50 and above. ,

6 Excluding 5,100 women of 12 years and above in
J>arts of the municipalities of Parintins (Amazon) and
Gar~ (Sao Paulo), enumerated in.the census, who co.uld
not be taken into account at the time of the mecharucal
sorting of the individual schedules, as the infonnation
concerning them had not reached the headquarters of the
National Gens,us Service.

ber of women in the de facto 'population­
classified according to single years of age from
15 to 49, and accordirig to decennial age groups
from 50 upwards, and also indicating separately
those who stated that they had one or more live
births (called for the sake of brevity "fertile
women").

The table also gives the number of live or still­
born children, born to the women who stated that
they had had live-born children.a

.According to the declarations, still births rep­
resent 7.54 per cent of the total of children born
to women who stated that they had borne live-born
children.7 As explained in previous studies, this
apparent proportion is rather high because in many
'cases children dying shortly after birth are regis­
tered as still-born. To compensate for the conse­
quences of this mis-statement the true percentage
of still births was taken as 5 per cent, a fairly
high figure, which makes the proportion of live
births 95 per cent of the total.

The corrected numbers of still births thus cal­
culated are given in column (c) of table 2. Col­
umn (b) gives the crude numbers of women; and
column (d), the cumulative fertility rates, calcu­
lated from the ratios between the number of
children born alive and the number of women. The
rate given for the age of x completed years may
be taken as the cumulative fertility rate as at the
exact age of (x+0) years, as explained in para-
graph S. •

The tables in the present study do not include about
17,600 women enumerated in the census, whose ages were
not stated.

8 The still births stated to have been born by women
who had no live births, are not included. In other in­
vestigations the still births were also included, but in
any case they represent a negligible fraction of the total
number of births declared.

'The proportion would rise to about 8 per cent if.the
still births born to women who had not had a live birth
were included.
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TABLE 1

Number of women, aged 12 and over, number of mothers having one or more live
births and number of children born alive or dead, by age of women (Brazil, 1940)

Childrrn born
Women" to wotni!n who have haa live-bam childrrn

ThoJewho
Age have had

(completed live-born Live Still
years) Total childrrn birth.r births Total

(0) (b) (c) Cd) (e) (f)

12 ...•........•..•... 572,869 32 37 1 38
13..............•.... 480,190 259 340 31 371
14.......•........•. 494,961 1,130 1,458 107 1,565

15.........•..•.•... 491,061 3,995 4,922 298 5,220
16..........•....... 493,989 12,981 15,728 702 16,430
17.................. 435,556 30,615 38,712 2,026 40,738
18...........•..... ~ 482,704 65,728 89,985 4,969 94,954
19.................. 382,983 84,755 128,165 7,744 135,909

20 .................. 503,939 168,285 295,335 1,9,212 314,547
21 .................. 332,147 132,067 253,771 17,236 271,007,
22., ...........•.... 426,710 205,920 442,313 30,300 472,613
23 ••••••.•••.••.•••• 355,202 192,687 452,030 32,444 484,474
24 .................. 359,510 215,900 561,442 40,533 601,975

25,... , .... " ........ 442,585 287,290 840,974 '61,076 902,050
26 ................... 354,899 243,805 772,143 57,204 829,347
27 ...............••. 295,716 210,794 722,082 54,133 776,215
28 .................. 366,115 270,306 1,021,203 76,061 1,097,264
29............... , •. 247,749 187,432 746,042 57,659 803,701

30 .........•........ 4.41,916 336,594 1,473,973 111,880 1,585,853
31 ....•.•...•...... : 181,256 142,846 642,914 49,537 692,451
32 ......... , ........ 256,489 205,795 1,004,391 76,699 1,081,090
33.................. 198,512 161,289 821,068 64,017 885,08S
34 .................. 203,000 165,865 880,219 68,341 948,560

35 ............•...•. 305,844 249,231 1,385,864 108,647 1,494,511
36 .................. 232,194 193.898 1,132,602 89,232 1,221,834
37 ........ , ......... 177,039 148,451 890,995 71,617 962,612
38 .................. 258,471 217,091 1,350,826 109,048 1,459,874
39 .................. 180,462 151,683 959,761 82,593 1,042,354

40 .................. 397,254 327,658 2,132,770 177,305 2,310,075
41 ........•.•....... 113,946 95,940 649,133 54,573 703,706
42, ............ ,. , •. 174,269 147,227 1,022,453 85,522 1,107,975
43 .................• 127,494 108,766 770,102 65,330 835,432
44..........•.....•• 133,219 113,823 820,827 70,314 891,141

45 ............'..•... 223,631 188,555 1,337,909 112,743 1,450,652
46•••••••••••••••... 132,182 113,547 833,082 71.334 904,416
47................•. 100,474 ,85,866 631,481 55,588 687,069
48 ................ ,. 158,044 135,101 993,639 85,370 1,079,009
49 .................. 91,632 77,986 573,207 52,169 625,376

500059.... , ......... 991,454 835,031 6,143,161 538,696 0,681,857

6Ot069.............. 551,484 463,544 3,464,744 294,409 3,759,153

70 to 79, ............. 234,658 196,093 1,464,853 120,850 1,585,703

BOandover ..... , .... 104,021 85,185 631,586 51,609 683,195

12 and over ....••.... 13,487,830 7,261,046 38,398,242 3,129,159 41,527,401

a Excluding women whose ages were not stated.



S. Meets of misreporting of age of women
at the census

Before analysing the results of the calculations
of the fertility rates, it is· necessary to examine
the crude data and to point out certain irregulari­
ties appearing in them which are indications of
errors in the census returns.

The most obvious irregularities are those aris­
ing from mis-statements of age in the fonn of
concentration in the "attractive" ages (multiples

of 10, 5 and 2) and avoidance of the "unattrac­
tive" ages.

In previous studies 8 these irregularities were
measured and approximately corrected and there
is no need to repeat here the observations already
made. It suffices to recall that these errors of con­
centration and evasion alter the age distribution of
the popUlation to a significant degree.

For example, the following data 9 illustrate the
concentration of statements .in the ages which are
multiples of. ten.

Women enumerated
Differ-ences between

crude and graduated figures

Age
(completed years)

20 :
30.................•.•...
40.............•.........
50 .
60 .

Crude
figures

503.939
441,916
397,254
267,429
179,681

Graduated
figures Absolute Percmt

423,326 + 80,613 + 19.0
291,553 +150,363 + 51.6
205,603 +191,651 + 93.2
125,743 +141,686 +112.7

71,421 +108,260 +151.6

It will be seen that the consequences of the
errors arising from the concentration of state~

ments in the ages which are multiples of ten are
fairly serious. The number of women giving their
age as 40 is almost twice the estimated number;
and the number of those givirig their age as 50 is
more than twice.

The influence of these errors on the calculation
of the fertility rates is due mainly to the presence
of a contingent of a different age among the
women classified, according to the data) in the "at­
tractive" ages. For example, according to the
above calculation, about 150,000 women giving
their age as 30, over 190,000 giving their age as
40 and over 140,000 giving their age as 50, were
not of those ages.

The real age of the women who are wrongly
placed in the census returns by reason of mis­
statements, may be, and in fact is,1° in some cases
higher and in some cases lower than the age indi­
cated. Consequently, if the age interval considered

8 See, in particular, in the series of "Analyses of Re­
sults of the Population Census" compiled and issued by
the Technical Office of the National Census Service, No.
341 "Adjustment of the Age Distribution of the Popula­
tion in Brazil", and No. 358 "Statements of Age accord­
ing to the Census Form in the Census of 1 September
1940".

9 Taken from Study No. 341, mentioned in the preced­
ing footnote.

10 Calculations made in the above-mentioned Study No.
341 show that the attraction towards a given age occurs
on both sides of it, i.e., from below as well as above (see
in particular table III, pages 7 and 8 of that study).

11 Mis-statements of age by women who have already
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is within the female reproductive period, the num­
ber of children born and declared by the women in
question may be greater or less than the real num­
ber of children which they have had or will have
had at the age appearing in the returns, i.e. the
mis-stated age.ll In the. total number of children
declared by women who state themselves to be of
the age under consideration, overstatements in the
number of births are obviously partially compen­
sated by the understatements; h.owever, it would
be too optimistic to assume that this compensation
is complete.

It should also be noted that the frequency of
the omissions in the statements of the number of
children is probably greater among uneducated
women who do not know their own age well, than
among the more educated. Hence the concentra­
tion of these women in the "attractive" ages 12 may
tend to cause an understatement of the total num­
ber of children born to women of these ages.

Another contributing factor is the greater fre-

reached the end of their reproductive period do not appre­
ciably influence the calculation of the fertility rates of a
country in which fertility varies very little over a period
of time.· If women aged 56 or 64 give their age as 60,
this has ·little effect upon the calculation, because, as
pregnancies in the case of women over SO are very rare,
the cumulative fertility rate remains almost stationary
with the increase in age above this limit.

12 As examples· of the greater concentration of unedu·
cated women in the "attractive" ages, note the following
comparisons in the percentages of illiterate women:

In the "attractive" ages: aged 30, 71.1 per cent; aged 40,
77.0 per cent;

In the "unattractive" ages: aged 29 and 31, 52.9 per
cent; aged 39 and 41, 57.9 per cent.



quency of mis-statements, taking the fann of con­
centrations in the "attractive" ages, by single
women as compared with married or formerly
married women,u as the average number of chil­
dren born to the fonner is less, at all ages, than
the number born to the latter.

Another circumstance which ex.et:cises a similar
influence is the higher c.oncentration in the "attrac­
tive" ages, of Negro women,H whose fertility is
generally lower than that of the other. colour
groups.

An irregularity in the age distribution of
women which does not appear at first sight in
examining the figures but is revealed by a com­
parative analysis of sex distribution, is caused by
the tendency on· the part of women, both the
young and the more mature, to give ages less than
their real ones.IS As a result of errors of this kind,
the crude figures for the women in the younger
age groups are increased by comparison with the
real numbers and the crude figures for those in
the higher age groups are lessened.

13 As examples of the greater concentration ?f single
women in the "attractive" ages, note the followmg com­
parisons in the percentages of these women:

In the "attractive" ages: aged 30, 26.6 per cent; aged 40,
20.6 per cent;

In the "unattractive" ages; aged 29 and 31, 21.9 per
cent; aged 31 and 41, 15.5 per cent.

14 As examples of the greater concentration of Negr6
'Y0men in the "attractive" ages, note the following com-
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For example, it may be assumed that some of
the women giving their age as 18 were in fact aged
19, 20, 21 or above, and consequently, had an
average number of children greater than they had
when they were really aged 18.

As in this example, so in general, rejuvenation
errors in the age declarations of women tend to
cause errors of over-estimation in the calculation
of the cumulative fertility rates.

On the other hand "old age overeStimates",
found in the exaggerated figures for women aged
80 and above in the crude data, do not exercise an
appreciable influence on this calculation in a.
country with constant or slowly changing fertil­
ity. In the great majority of cases of "old age over­
estimates", both the stated and the real age are
above the limit of the female reproductive period.

Errors due to failure to declare the number of
children they ever had must be more frequent
among women of advanced age than among those
in early or middle life, owing to the difficulty of
recalling long past events.

parisons of the percentages of this colour group:
In the "attractive" ages: aged 30, 18 per cent; aged 40,

20 per cent;
In the "unattractive" ages: aged 29 and 31, 12.6 per

cent; aged 39 and 51, 13.8 per cent.
U Concerning these "rejuvenation errors", see Study

No. 338 "The Population of Brazil according to National­
ity, in terms of Sex and Age Groups" (paragraph 10,
pp. 6 and. 7) in the above-mentioned series of analyses.



TABLE 2

Cumulative fertility rates of women, for each age 12 to 49, and for decennial
age groups above the age of 50 (Brazil, 1940)

Live births
Age Tolal number Live births per 100

(rompleted years) of women (corrected figures) womcn
(a) (11) (c) (d)

12......•...••.......••...... 572,869 36 0.01
13 ...•...•..............•..•. 480,190 352 0.07
14........................... 494,961 1,487 0.30

15........................... 491,061 4,959 1.01
16.......................... , 493,989 15,609 3.16
17.......................... , 435,556 38,701 8.89
18............ , , , .•........•. 482,704 90,206 18.69
19....•...................... 382,983 129,114 33.71

20.........................•. 503,939 298,820 59.30
21 ........ , ..•.....•.•.•... , • 332,147 257,457 77.51
22..•.....................•.. 426.710 0448,982 105.22
23 ................••••••••••• 355,202 460,250 129.57
24......•................•... 359,510 571,876 159.07

25 ........................•..• 442,585 856,948 193.62
26.........................•• 354,899 787,880 222.00
27.....•..................... 295,716 737,404 249.36
28......•..... ~ .•........•.•• 366,115 1,042,401 284.72
29 ..............•.•.•...•.... 247,749 763.516 308.18

30.......•.•..........••.•••• 441,916 1,506,560 340.92
31 •.......................... 181,256 657,828 362.93
32........ , •................. 256,489 1,027,036 400.42
33........................... 198.512 840,831 423.57
34..•..................•..... 203,000 901,132 443.91

35, .......................... 305,844 1,419,785 464.22
36 .......................•... 232,194 1,160,742 499.90
37........................... 177,039 914,481 516.54
38.•.................•....... 258,471 1,386,880 536.57
39.......... : ................. 180,46~ 990,236 548.72

40 ......................•.... 397,254 2,194,571 552.44
41 ........................... 113,946 668,521 586.70
42........................ , .. 174,269 1,052,576 603.99
43 ........................... 127,494 793,660 622.51
44...................•....... 133,219 846,584 635.48

45........................... 223,631 1,378,120 61625
46...............•........... 132,182 859,195 650.01
47........................... 100,474 652,716 649.64
48............... '............ 158,044 1,025,059 648.59
49•.......................... 91,632 594,107 648.36

50 to 59 ..............•...•... 991,454 6,347,764 640.25

60 to 69 ...................... 551,484 3,571,196 647.56

70 to 79 ...................... 234,658 1,506,418 641.96

80 and over ................... 104,021 649,036 623.95

12 andover ....•.............• 13,487,830 39,451,032 292.49

The observations in the preceding paragraph
will facilitate analysis of the fertility rates' given
in table 2.

Since these rates are -cumulative-in other
words, indicative of the proportion between the
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number of children born to women up to the age
of (x+Y2) and the number of women of that
age-they tend to increase as the age increases
up to the upper limit of the female reproductive
period, and to remain stationary above that limit.



The following data, which relate to certain se~

lected five-year age intervals, bring out the first of
these tendencies.

But at 40 the rate is only 3.72 above that at 39,
and less by 34.26 than that at 41. The rise is
almost broken at an age which is a inultiple of
10, owing to the concentration, at that point, of
mis~statements of ag~ by women with an average
number of children less than that of women really
aged 40.

If the average fertility rate is calculated suc­
cessively for the age of 40 and for 3-, 5- and 7-year
groups round the central age of 40, the fall in the
rate iessens but does not disappear.

Age
I

12.5 .
17.5 ' .
22.5 .•..............•................
27.5 .
32.5 .
37.5 ..............•..................
42.5 ...............•.................
47.5 .

Live births, as at
the e:act age

specified, per 100
women attaining

thctage

0.01
8.89

105.22
249.36
400.55
516.54
603.99
649.64

Age.
- (completed

years)

Live birth.r per 100
wommo/the
ages specified

In the first intervals the cumulative fertility rate
rises rapidly with the increase in age; in the later
ones it ,rises gradually, until it becomes almost
stationary in the advanced age groups, as is shown
by the following data. '

The rates for ages 50 and over are probably
slightly lower than the true rates, as a result of
errors through failure of women of advanced age
to declare the number of children born. This dis~

crepancy, however, appears to be relatively small.

The clearly visible trend in the curve of the
cumulative fertility rates in terms of age does not
appear to be without irregularities; the irregulari­
ties occurring in the crude data owing to mis­
statements in the census returns seem to influence
the calculation of these rates.

Let us look, for instance, at the rates for the
years near the "attractive" age 40.

Live births per 100
women of the
ages specified

Live births per 100
'Women 0/ the
ages specified

552.44
552.11
559.66
559.92

Live births
per 100 'Women

At (:~2) to
At x years (x+2)years

Age
(comp/eftd

years)

40 .
39 to 41 .
38 to 42 .
37 to43 .

A similar, though less marked, irregularity, oc­
curs with regard to the "attractive" age 35. The
cumulative fertility rate for 35 is only 20.31 more
than that for 34, but that for 36 is 35.68 more than
that for 35.

Again, a similar much more marked irregu~

larity occurs with the "attractive" age of 45. In­
stead of increasing, the cumulative fertility rate'
decreases by 19.23 for age 45 as compared with 44,
then rises by 33.76 for 46 as compared with 45.
The rate for 45 is only 616.25, whereas for the
quinquennial period of which 45 is the central age,
the figure is 631.84.

In the examples given the main, if not the only,
reason for the relatively low level of the cumula~

tive fertility rate for the "attractive" age, as
already pointed out, is the concentration, in that
age, of declarations by women of other ages hav­
ing an average number of children less than the
true average for the "attractive'" age.

The same factor cont.ributes to the relatively
high level of the cumulative fertility rate in the
"unattractive" ages, as illustrated in the following
comparisons between tJ:ie rates calculated for given
ages and the average rate for the quinquennial
period for which those ages are central.

638.73
640.25
643.33

516.54
536.57
548.72
552.44
586.70
603.99
622.51

. Age
(completed

years)

Age
(cMn/Jlelea

years)

45to49··········.·. 4 •••• •• ••••••••• •

50 to 59 .
60 and over .

37.........................•........
38 .
39 .
40 .
41 .
42 ..........................•.......
43 .

The fertility rate tends to increase between the
ages 37 and 43; its total increases by 105.97, its
annual average, by 17.66.

39.......................... 548.72
41. . . . . . . . . . . . . . . . . . . . . . . . .. 586.70
44 : . . . . . .. . . . . . . . . .. 635.48
46.......................... 650.01

546.03
573.73
623.44
636.97
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Perhaps this factor also contributes to raise
above the true level the cumulative fertility rates
for the ages 47 and 48, which are close to the
"highly attractive" age of 50.1e

In the higher ages the cumulative fertility rates
show an appreciable decline, mainly owing to the
fall in the proportion of women who state that they
have had one o~ more live births, as the following
data show.

Age
(completed

years)

Live births
per 100

women of the
aQes specified

Women who state
that they have
had live birlhs

per 1,00
women of the
ages specified

If the greater proportion of women who have
not had children, in the upper ages, were real, it
would indicate a greater. survival rate for women
not exposed to causes of death connected with
maternity.

But it is very probable that this higher percent­
age is only apparent. It may result from a greater
frequency of overestimates in the age declarations
of childless women, whose childlessness deprives
them of useful points ,of reference for estimating
their ages. '

For the ages 50 and above as a whole a cumu­
lative fertility rate between 640 and 650 per 100
women may be taken as approximately correct.

SO to 59. • . • . • • • • • •• • • • • •• 640.25
6OOO69....••~........... 647.56
70 to 79 ...••• _•.. _. . . . .. . 641.96
80 and over 623.95

84.22
48.05
83.57
81.89

48

16 It is not possible to calculate the fertility rate for
the quinquennial period centring round the age of 48,
because above the age of 50 figures are only available
in ten-year and not in single-year age groups.



TABLE 3

Graduation of cumulative fertility rates of women and calculation of fertility rates
according to age, from 15 to 49 (Brazil, 1940)

Live births per lqO women, Live births per 100 women,
at lh, ,sad age at the 'SlJ&f age Live births perof (r +~) years of s years

lOO.women
belweetl the

Age Origill<d
esad ages of

1st gradua- 1st .qroduo- 2nd .qr!Uluo- sand (r+l)
; calculationa tionb tione tiend year.se

(a) (b) (e) (d) .(e) (I)

14......•........... 0.3 0.3 0.0 0.0 0.6

15.................. 1.0 1.0 0.5 0.6 1.2
16............•..... 3.2 3.0 1.8 1.8 3.5
17..•......•....•... 8.9 9.0 5.5 5.3 7.4
18....•.........••.. 18.7 19.0 13.4 12.7 12.8
19 .................. 33.7 34.0 262 25.5 16.9

20.................. 59.3 54.0 44.0 42.4 20.5
21 ................... 77.5 76.0 65.0 62.9 23.6
22....•.........•..• 105.2 100.0 88.0 86.5 26.2
23 ................ 129.6 126.0 113.0 112.7 28.3
24.................• 159.1 154.0 140.0 141.0 29.9

25 .................. 193.6 184.0 169.0 170.9 31.0
26 ..... ~ .....•.••.•• 222.0 216.0 200.0 201.9 31.6
27................... 249.4 248.0 232.0 233.5 31.1
28.....•... : ...••.•. 284.7 279.0 263.5 264.6 30.5
29.................. 308.2 309.0 294.0 295.1 29.8

30..............•.•. 340.9 338.0 323.5 324.9 29.0
31 ..•.........•..... 362.9 366.0 352.0 353.9 28.1
32............... : .. 400.4 393.0 379.5 382.0 27.1
33 .................. 423.6 419.0 406.0 409.1 26.0
34............•.••.. 443.9 444.0 431.5 435.1 24.8

35 .................. 4642 468.0 456.0 459.9 23.5
36 .................. 499.9 491.0 479.5 483.4 22.1
37 ..............•..• 516.5 513.0 502.0 505.5 20.6
38...............•.. 536.6 534.0 523.5 526.1 19.1
39 .................. 548.7 554.0 544.0 545.2 17.5

40............•••.•• 552.4 572.0 563.0 562.7 15.9
41 ....•............. 586.7 588.0 580.0 578.6 14.3
42..............•... 604.0 602.0 595.0 592.9 12.6
<43 •••....•••••••.••• 622.5 614.0 608.0 605.5 10.9
44.........•........ 635.5 624.0 619.0 616.4 9.2

45 .................• 616.3 632.0 628.0 625.6 7.5
46.................• 650.0 638.0 635.0 633.1 5.7
47.................. 649.6 642.0 640.0 638.8 3.9
48..............•.•. 648.6 644.0 643.0 642.7 2.1
49................•• 648.4 645.0 644.5 644.8 0.3

50................. 645.0 645.1

• Data from table 2, column Cd) (after rounding).
b Graphic-nlimerical graduation of data in column (b).
e Data calculated from those of column (e).
d Graphic-numerical graduation of the data in colUmn (d).
e Difference between successive figures in column .(t).
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6. Graduation of fertility rates

An analysis of the irregularities apparent in
the curve of the cumulative fertility rates in rela­
tion to age leads to the conclusion that these ir­
regularities are for the most part systematic and
not accidental. Consequently, in order to graduate
the curve, it is advisable to apply a process of
graphical adjustment instead of an analytical
process, because in the former type of adjustment
the operator determines and applies the appropri­
ate rectifications without remaining bound to the
rigidity of a formula as in the second method.

Such a graduation was therefore applied to
smooth the curve of the series of cumulative fer~

ti11ty rates calculated for the ages 14 to 49 (ages

below 14 were excluded in view of the very low
rates and the well-grounded suspicion that most of
the women who stated themselves to be under 14
and to have borne children had given an age lower
than their real age; the ages of SO and above were
excluded, because at these ages the cumulative fer­
tility rate remains approximately constant).

The. graduation was made with the following
general purposes in mind:

To limit the deviations from the observed
data to a minimum compatible with a satisfac­
tory "smoothing" of the curve of rates in rela­
tion to age;

To eliminate the oscillations caused by mis­
statements leading to a concentration of the
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ages, 1~ it was found advisable to make a second
graduation, by means of which the final pgures for
the fertility rates for different years of age, given
in column (f) of table 3, were obtained. By suc­
cessively adding together the annual rates the final
figures for the cumulative fertility rates as at .~
years, given in column (e) of the same table, were
obtained. This second graduation left unaltered
the average number of children born to women
between the ages of 19 and 49, namely 334 per
100 women (calculated according to the gradu­
ated age distribution as explained).

7. The variation of fertility rates with age

According to the final graduation, the aver­
age cumulative fertility rate for women as at
their fiftieth birthday is 64S live-born children per
100 women.

The graph showing the graduated cumulative
rates according to age faithfully reproduces the
trend indicated by the rates calculated from the
crude data,20 as the comparison given in table 4
between the two series of rates shows.

In the ages below 30, the graduated cumulative
rates generally remain slightly below the original
ones, owing to the adjustment to eliminate the
effect of the errors of understatements of age.
From 30 upwards they are sometimes above and
sometimes below.

The following summarized comparison shows
the general concordance between the two series:

Live births as at the exact age of
x per 100 women attaining that age

declarations ·of age into certain years;

To maintain the total number of children
approximately- unchanged.

Concerning the last point it should be explained
that, in calculating the total number of children
according to the graduated'rates, these rates were
applied to the graduated numbers. of women at
the different ages,1 r and not to the crude numbers
which, as was pointed out, deviate greatly from

J"eality. It would be illogical to do otherwise.
. The average number of children born alive to
women aged between 19 and 49 is 334 per 100
women, according to the crude data, and is also
334 according to the graduated data.

The graduated rates, like the original rates, rep­
resent the percentage of children born per 100
women as at the age of (.%"+ Y;;) years. In order
to calculate the percentage as at x years, the
simple average of those born as at ages (.%"-0)
and (.x+0) may be taken. This procedure was
applied from the age of 20 upwards; for the
lower ages in which the simple average gives too
high a result owing to the increasingly rapid rise
in the rates in relation to age, weighted averages
were taken, the rate for (%-36) being the more
heavily weighted?S The rates given in column
(d) of table 3 were calculated in this manner.

If the cumulative fertility ratios at the exact age
of x years (x == 14, 15, 16 ... , 50) are known,
it is possible, as explained under section 5, to cal­
culate the fertility rates for different years of age.
For instance, if 563.0 per 100 women is the fer­
tility rate as at the exact age of 40, and 544.0 as
at the exact age of 39, the difference of 19.0 per
100 women gives the fertility rate in the fortieth
year.

The fertility rates for the years 15 to SO were
calculated in this way. In order to eliminate some
minor irregularities brought to light by this cal­
culation and to correct the effects of the "errors
of rejuvenation" in the age declarations of women,
as they affected the fertility rates in the younger

Age
$

15 .
20 .
25 .
30 .
35 .
40..................•
45 .
50 .

Original figure

0.6
46.5

176.3
324.6
454.1
550.6
625.9
646.9

Gradua.ted figure

0.6
42.4

170.9
324.9
459.9·
562.7
625.6
645.1

11 The graduated numbers of women are those calcu­
lated in the above-mentioned Study No. 341 in the series
of "analyses" (table 3, column (c)). They are shown in
column (b) of table 5 of the present study.

18 For the age of 15 the weights adopted were 0.65 and
0.35; for 16, 0.62 and 0.38; for 17, 0.59 and 0.41; for 18,
0.56 and 0.44; for 19, 0.53 and 0.47.

Sl

l~ See the remarks on the influence of these errors
under section 51.

20 The cumulative fertility rates as at the exact age
of x, according to the crude data, were calculated on
those as at the exact age of (x + 0) given in column
(d) of table 2 by taking simple averages from the age
of 20 upwards, and weighted averages for the ages 14
to 19.



TABLE 4

Comparison between the cumulative fertility rates as at the exact age of x, calcu­
lated according to crude data and according to the final graduation (Brazil, 1940)

Live births per 100 women
at e:;act age of :& years

Age
:&

(a)

14..••............•..•...•....

15 .............•....•.........
16...............•.•.....•.•.•
17.......•...•....•........•..
18...........•.........•..•..•
19...............•............

20...........••..............•
21 .....•....................•.
22 .......•................••..
23...............••••.••••••.•
24..........•......•..........

25 ..........•..•..............
26 .....................•......
27 ...•..•.....................
28 .•..............••..........
29 ..

30 .
31 .........•..................
32 .•.•.............••.....•...
33 .
34••••.•.•••..•••...•.••......

35 ..........•.................
36 , .
37 .
38 .
39 .

40 .
41 .•••....••..•••••••........•
42•.••........•..•..•..•.....•
43.....••.•..••.•••...•.......
44.•.•.••..........•.....•.•.•

45 .........•..•.••............
46. , .
47 .
48.........•..........•.......
49......•.....................

50..........................•.

Original
calculotiona

(b)

0.1

0.6
1.8
5.5

13.2
25.7

46.5
68.4
91.4

117.4
144.3

176.3
207.8
235.7
267.0
296.5

324.6
351.9
381.7
412.0
433.7

454.1
482.1
508.2
526.6
542.6

550.6
569.6
595.3
613.3
629.0

625.9
633.1
649.8
649.1
648.5

646.9

Second
graduationb

(c)

0.0

0.6
1.8
5.3

12.7
25.5

42.4
62.9
86.5

112.7
141.0

170.9
201.9
233.5
264.6
295.1

324.9
353.9
382.0
409.1
435.1

459.9
483.4
505.5
526.1
545.2

562.7
578.6
592.9
605.5
616.4

625.6
633.1
638.8
642.7
644.8

645.1

Difference
between

graduated lind
original

calculation
(d)

- 0.1

0.2
0.5
0.2

4.1
5.5
4.9
4.7
3.3

504
5.9
2.2
2.4
1.4

+ 0.3+ 2.1+ 0.3
2.9

+ 1.4

+ 5.8
+ 1.3

2.7
0.5

+ -2.6

+ 12.1
+ 9.0
- 2.4
- 7.8
- 12.6

- 0.3

-11.0
6.4
3.7

1.8

• Data calculated according to the rates as at (s + lr2) years given in column (el) of table 2.
b Data from table 3, column (e).
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TABLE 5
Calculation of the annual number of live births according to the number of women
alive as at 1 Septernb~ 1940 and the fertility rates for each year of age calculated

in table 3 (Brazil, 1940)

14 to 49 ; .. 10,622,199

& Graduated data.
"Data from table 3, column (f).
eColumn (d) = (b). (c)!lC)O.

Age
.(completed years)

(a)

14 '..•••.•.••.........

15 ..........................•
16......•......•.•... , .
17.•......• "................•
18.........••••.•••••.••••••.
19.•...........•..........•.•

20 .
21 .
22.........•••.•.•.....•.....
23 ......................•....
24.......•........•..........

25 .
26.............•..•.•.•.••...
27 .
28...........•.•...•.........
29...........•••..•..•.......

30 ..................•........
31 .
32 .
33..........•.•.•......•.....
34... ,.: .....••••............

35 .....•................... ,.
,36...........•...•...........
37 .
38.••.........•...... ; .....••
39.........................•.

40 , .
41 ..........................•
42.......•••.••••.••.•......•
43 ,
44..........•.••.•...........

45 .
46..........................•
47......................••...
48................•......•.••
49..........•....•..•..•.•...

Women
livingA

(b)

498,696

487,557
474,491
459.049
445,512
432,509

423,326
413,962
400,037
387,234
374,661

364.813
354,183
338,152
321,830
306,193

291,553
278,599
266,548
255,249
246,516

240,927
235,337
227,871
220,220
213,191

205,603
196,505
187,690
178,853
169,404

158,487
150,004
144,868
138,975
133,594

Fertility rates
per 100 wome'llb

(c)

0.6

1.2
3.5
7.4

12.8
16.9

ZO.5
23.6
26.2
28.3
29.9

31.0
31.6
31.1
30.5
29.8

29.0
28.1
27.1
26.0
24.8

23.5
22.1
20.6
19.1
17.5

15.9
14.3
12.6
10.9
92
7.5
5.7
3.9
2.1
0.3

Calculated live
birtJue

(d)

2,992

5,851
16,607
33,970
57,026
73,094

86,782
97,695

104,810
109,587
112,024

113,092
111,922
105,165
98,158
91,246

84.550
78,286
72,235
66,365
61,136

56,618
52,009
46,941
42,062
37,308

32,691
28,100
23,649
14,495
15,585

11,887
8,550
5,650
2,918

401

1,966,457

16.. ••••••••••••• 3.S
21........................... 23.6
26... •••.. 31.6
31........................... 28.1
36........................... 22.1
41... .....•••.•.•.. . . .. .. 14.3
46......... S7

The graph of the fertility rates by age as finally
graduated (column (f) of table 3), shows a rapid
rise in the interval between the initial age of the
reproductive period and the first years of the sixth
quinquennial period, and a constant decline, slow
at 61'.st and then more rapid, until the final ye,ar
of the reproductive period.

The course of this curve is shown in the fol­
lowing partial summary :
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These figures may be summarized to show the
average ages of mothers at the birth of a live-born
child:

8. Calculation of number of live births in
one year

The cumulative and annual fertility rates ob­
tained by calculations based on the c~nsus re­
turns do not indicate fertility at the time of the
census, but are instead determined by the number
of children who had been born to the women alive
at that time; some of these children had been bom
long before.

However, as regards the women under 50 years
of age, it may be assumed that the large majority
of their children-almost 90 per cent-were born
within the 20 years prior to the date of the cen­
sus.21 Thus, the calculated fertility rates are deter­
mined largely from births taking place not very
long before 1940 and may be considered repre­
sentative of a situation not very different from
that of 1940, as, in Brazil, these rates vary little
in the course of time.

If the calculated rates are applied to the number
of women of each age alive in 1940, the numbers
of births are obtained, and their sum should not
differ greatly from the real figure for that year.
This calculation was made and its components and'
results are given in table 5.

The total number of live births calculated is
1,966,457 which, for a. population of 41,236,315,
indicates a crude birth rate of 47.69 per 1,000
inhabitants.

The real birth rate for 1940 is probably slightly
lower, because-as indicated-the calculated fer­
tility rates in part reflect the situation at earlier
dates when the birth rate was somewhat, though
not much, higher than in 1940.

The distribution of calculated live births in table
5, by age of the mother at the time of the birth,
is shown in th~ following data:

Proportional distribution of
100,000 live births b"

nge of the moth"
at the time of the birth,
from the calculation for

Bra3i1 in 1940

...

5

0

5

-

- .

- r-

rf rh
o 14 18 22 26 30 34 38 42 44 50

Age (years)
FIGURE 3. Distribution of live births in 1940 by age of
mother (estimated figure) (data from column (d) of

table 5)

15

21 This approximate calculation is based on their cumu­
lative fertility rates.

In fact, the mean number of children born in the last
20 years to women aged oK completed years at the date
of the census is apPT"Oximately equal to the difference
between the mean number of children born to these women
and the number to women aged (s - 20) completed years.

For instance,. if, according to the final graduation, the
cumulative fertility rate for age 4S completed years is
629.4 and for 25 completed years 186.4, the difference
between these two rates, i.e. 443.0, represents the approxi­
mate number of children born in the 20 years prior to the
date of the census, to 100 women aged 45 completed years
at that date.

7

Arithmetic mean of ages, 28.6 years;
Median age, 27.5 years;
-Modal (i.e., most frequent) age, 25.5 years.

Live births
(in thoustmds)

45

60

30

9

10

152
9,487

25,981
26,422
18,438
11,947
6,078
1,495

100,000

14 · ··· .
15 to 19 ··
20 to 24 ·· ..
25 to 29 ··.···
30 to 34 .' ·
35 to 39 .•.............. ········
40 to 44.........••... ··.·······
45 to 49 ·····

14 to 49 ·.········

Age of mother
rcompleted yenrs)
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,. Fertility rates by age groups and inter­
national comparisons

By grouping the data in columns (b) and (d)
in table 5 into quinquennial age groups, the fer·
tility rates for such groups which are useful for
comparison may be calculated.

Table 6 is a comparison between these rates and
various rates, calculated by comparing the num­
bers of registered live births and the number of
women according to the census, for some countries
with a high birth rate, together with the estimated
figures for Brazil in 1920 based on a conjectural
analysis.

TABLE 6

International comparison of fertility rates in quinquennial age groups
Fertility rate per 100 women

Age Brazil Croatia-
(completed 19411 Brazil Ukraine Bulgaria Slovenia Merica Chile Japan

years) cenms& 1920b 1896-97" 1901-05" 1900-o1c 1929-31d 1930-31d 1930d

(a) (f1) (c) (d) (e) (f) (g) (h) (i)

15 to 19......•......... 8.11 8.86 3.20 2.35 4.52 11.74 6.96 3.15
20 to 24............•... 25.56 27.68 32.80 28.86 25.06 22.85 19.04 20.02
25 to 29 ................ 30.83 31.00 35.50 31.22 28.79 2429 21.34 24.86
30 to 34 ....... : ........ 27.09 28.78 2320 30.94 24.57 21.70 2123 21.70
35 to 39 ............... , 20.65 19.93 13.80 20.43 1720 15.61 14.91 16.31
40 to 44................ 12.73 11.07 6.30 12.10 8.73 8.34 7.89 7.16
45 to 49................ 4.05 3,32 5.55 1.75 0,49 3.06 1.03

a Data calculated from the ratio between the 5-yearly
totals of live births and the S-yearly totals of women
alive at that time, as ,nven in table 5.

b Data estimated according to a conjectural process by
G. Mortara, "Fecundidade de Mulher Brasileira e a
Capacidade de ReprodUl;lio da Popula!;iiodo Brasil"
("The Fertility of Brazilian Women and the Reproduc~

tive Capacity of the Population of Brazil") in the
Revista Brasileira de Bsta/istica, No.9, 1942.

c Data calculated by R. R. Kuczynski, The Balance of
Births and Deaths, vol. II, pp. 163~164 (Washington,
Brookings Institution, 1931).

d Data calculated by the International Statistical Insti­
tute, AperfU de fa Dbnographie des Di.vers Pays du
Mon.de, 1929-36, p. 167 (The Hague, 1939),

Bradl (census of 1940).......... . . . 645
Brazil (1920) 653
Ukraine (1896-97) 750
Bulgaria (1901-05) 657
Croatia-Slovenia (1900-01) 553
Mexico (1929-31) 525
Chile (1930-31) 472
Japan (1930) 471

The fertility rate of women in Brazil, according
to the 1940 census figures and the estimated fig­
ures for 1920, is lower than that for the Ukraine
in the last years of the nineteenth century, almost
equal to that for Bulgaria for the first years of the
twentieth century zz and higher than those for
the years round 1930 for Mexico, Chile and Japan.

The comparison shows a notable similarity be­
tween the results of the two calculations for Brazil.
It should be pointed out that these calculations
were made by completely different and indepen-
dent processes. .

In view of what has been said respecting the
situation of Brazil as compared with that of other
countries, the Brazilian fertility rates, though high,
cannot be considered improbable since even higher
rates are to be found at all ages in other popula~

tions: in the age group 15-19 in Mexico; in the
age groups 35 to 39 and 40 to 44 in Ukraine; and
in the other groups, in Ukraine and Bulgaria.

An over-all comparison may be made by calcu­
lating the cumulative fertility rate at the fiftieth
birthday, the approximate figure for which is ob­
tained by 'multiplying by five the sum of the rates
for the quinquennial age ·groups given in table 6.
For Brazil this approximate calculation gives fig­
ures similar to those obtained by adding together
the annual rates.

Country and dale

Number of live births
per 100 women
at the exact age

oj 50

U The fertility rates in these East European countries
are at present much lower. By 1926-1927 the mean num­
ber of children which had been born to women aged 50 as
calculated from the fertility rates of that time had already

5S

fallen to 513 per 100 in the Ukraine and 460 per 100 in
Bulgaria (Kuczynski, The Balance of Births and Deatlt.r,
vol. II, pp. 163-164 (Washington, Brookings Institution,
1931) ).



TABLE 7

Fertility table according to fertility rates calculated from the 1940 census and the
1890-1920 life table for Brazil

Live birlhs to women

Women Fertility rate p" Asat the end
in the 100 womm in the [tf,the of the

Age (x+l)t~ (x+l)t" (x+l)t~ (~+l)tl

s :iear of age" yeo.,.ofageb year of age" yea" of age{J.
(a) (b) (c) (d) (e)

14.......•..••..•... 35,577 0.6 213 213

15..•..............• 35,442 1.2 425 638
16.••.....•..•.....• 35,285 3.5 1,235 1,873
17.......•........•• 35,096 7.4 2,597 4,470
18.................. 34,868 12.8 4,463 8,933
19.....•..•......... 34,590 16.9 5,8% 14,779

20...•••..••..•••... 34,264 20.5 7,024 21,803
21 .....••.••••..•••• 33,908 23.6 8,002 29,805
22.....•..•......••• 33,536 262 8,786 38,591
23 ...•.•..••.•...... 33,159 28.3 9,384 47,975
24 .....•••••.••••••. 32,781 29.9 9,802 57,777

25 .................. 32,400 31.0 10,044 67,821
26.....•••••...•••.• 32,018 31.6 10,118 77,939
27.................. 31,631 31.1 9,837 .87,776
28.....•••••...••... 31,242 30.5 9,529 97,305
29.................. 30,849 29.8 9,193 106,498

30.....•......•..... 30,453 29.0 8,831 115,329
31 .••.•.....•......• 30,052 28.1 8,445 123,774
32.....•.••.•...•... 29,648 27.1 8,035 131,809
33 ...•.......•..•••• 29,238 26.0 7,602 139,411
34.•...............• 28,824 24.8 7,148 146,559

35..........••....•• 28,404 23.5 6,675 153,234
36 .................. 27,979 22.1 6,183 159,417
37.................. 27,548 20.6 5.675 165,092
38...•......•.••.... 27,111 19.1 5,178 170,270
39.......•..••.••••• 26,668 17.5 4,667 174,937

40 ................•• 26,216 15.9 4,168 179,105
41 ........•...•..•.. 25,759 14.3 3,684 182,789
42...........••..•.. 25,295 12.6 3,187 185,976
43 ...•..••.......•.• 24,823 10.9 2,706 188,682
44 .....•••••...•...• 24,343 9.2 2,240 190,922

45 ......••.•••••••.. .2.3,854 7.5 1,789 192,711
46...•.••••••••••••• 23,358 5.7 1,331 194,042
47.......••••••..•.• 22,853 3.9 891 194,933
48..••••••••••.•••.. 22,338 2.1 4Q9 195,402
49...•..••........•• 21,815 0.3 65 195,467--
140049 ....•.....•.• 1,063,225 195,467

• Lx of the female sex, the number at 10 of both sexes together being 10,000.
b Rates calculated in table 3, column <I).
cColumn (d) =(b). (&)/100.
cJ Column (e) = sum of figures in (d) up to and including the line in question.

56



TABLE 8

Fertility table according to fertility rates calculated from the 1940 census of Brazil
and the 1920 life table (Be Cap. Adjust.)

Live birth..r to women

Women Fertility rate per A:s at the end
in the 100 women in the In the (:+1)'11

Age (:+1)t1l (:+1)'11 (:+1)'11 - of the
x year of agts year of ageb year of ageC year of aged

(a) '(b) (c) Cd) (e)

14 ................•. 33,806 0.6 203 203

15 ...............•.. 33,665 1.2 404 607
16......•.......•..• 33,502 3.5 1,173 1,780
17..........•......• 33,305 7.4 2,465 4,245
18.............•..... 33,064 12.8 4,232 8,477
19.............•.... 32,780 16.9 5,540 14,017

Zo..·...... -.....•.... 32,458 20.5 6,654 20,671
21 ......•........... 32,104 23.6 7,577 28,248
22 ................ .-. 31,733 262 8,314 36,562
23 .................. 31,361 28.3 8,875 45,437
24............•..... 30,988 29.9 9,265 54,702

25.................. 30,615 31.0 9,491 64,193
26 .............•.... 30,240 31.6 9,556 73,749
27.................. 29,865 31.1 9,288 83,037
28....•...•......... 29,488 30.5 8,994 92,031
29....••...........• 29,110 29.8 8,675 100,706

30.........•........ 28,729 29.0 8,331 109,037
31 ........•....•.•.. 28,347 28.1 7,966 117,003
32 .................. 27,960 27.1 7,577 124,580
33 .................. 27,572 26.0 7,169 131,749
34.................. 27,180 24.8 6,741 138,490

-35 .................. 26,784 23.5 6.294 144,784-
36.................. 26,384 22.1 5,831 150,615
37.....•••.......... 25,980 20.6 5,352 155,967
38 .................. 25,571 19.1 4,884 160,851
39............•..... 25,157 17.5 4,402 165,253

40 .................. 24,738 15.9 3,933 169,186
41 ......•.•......•.. 24,313 14.3 3,477 172,663
42.................. 23,883 12.6 3,009 175,672
43 •••..........•••.• 23,447 10.9 2,556 178,228
44.................. 23,003 92 2,116 180,344

45 .................. 22,553 7.5 1,691 182,035
46.........•••.•.••. 22,096 5.7 1,259 183,294
47.................. 21,632 3.9 844 184,138
48......•••.••••••.. 21,160 2.1 444 184,582
49.................. 20,681 0.3 62 184,644

14 to 49 •.•.•........ 1,005,254 184,644

a L. of the female sex, the number at 1. of both sexes together being 100,000.
bRates calculated in table 3, colwnn (f). .
C Column (d) = (b). (c)/I00.
4 Column (e) = the sum of the figures in (d) up to and including the line in question.

10. Calculation of fertility table and repro·
duction rate

From the results of the calculation of the fer­
tility rates by years of age, in combination with
life table data it is possible to work out the fer­
tility table, from which the reproductive capacity
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of the population under consideration can be
measured.

For Brazil no life table for the period 1920-1940
is available, which would have been suitable for
use in combination with the fertility rates repre­
senting the position for that period. Two tables



referring to previous periods were used, namely,
that calculated for the whole national population
of Brazil, according to the mortality figures for the
period 1890-1920,2s and that calculated for the
principal capital cities according to the mortality
figures for 192(J.~H

The life table shows the average number of
survivors at each year of age in a hypothetical
generation initially composed of 100,000 live
births, distributed in normal proportions between
the two sexes and subject in each year of age to
a probability of death equal to that of the popula­
tion at the period to which the life table refers.

If the life table refers to both sexes together, as
in the present case, it is possible to calculate the
number of females in the total number of sur­
vivors at each year of age.25

By this mean& the average number 26 of women,
in a hypothetical generation, alive at each year of
age of the female reproductive period, can be cal­
culated. Columns (b) of tables 7 and 8 give these
averages calculated respectively from the 1890­
1920 life table for Brazil as a whole and the 1920
life table for the capitals (BC Cap. Adjust.).

By applying the fertility rate determined for
the year of age in question to the average number
of women alive at that age, we obtain the number
of live births, given in columns (d) of tables 7
and 8 (the rates applied are given in columns
(c) ).

Lastly, the sum of these numbers gives the total
number of children who would be born alive to
the women of the hypothetical generation in the
course of their existence: 195,467 for the 1890­
1920 Brazil life table and 184,644 for the 1920 life
table (Be Cap. Adjust.).

Dividing these figures by 100,000 we obtain the
corresponding net reproduction rates; 1.955 and
1.846.

The meaning of these rates is very simple; they
indicate that ratio between each new generation
and the original parent generation, which would
obtain in a population whose death rates and
female fertility rates for each year of age are per-

28 Tabulation calculated by G. Mortara. Revista Bra­
sileira de Estatistica, No.7, 1941, page 504 and No.9,
1942, pp. 83 and 84). [Translator's note-This life table
is that described above, pp. 1-10.}

1lI Life table calculated by Bulhoes Carvalho and ad­
justed by G. Mortara (Rellista Brcisileira de Estatis/;ca,
No.4, 1940, pp. 683 and 684). Abbreviated title; 1920 life
table (BC Cap. Adjust.).

%S In the case in point this was done by applying to the
total number of living persons the co-efficient 0.505 sug­
gested by the results of the 1920 census. See the above-
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manently equal to those ascertained for the pop­
ulation and the period investigated.

In the case in point the new generation would
be slightly less than double the original generation.
It would exceed it by 95 to 85 per cent.

Before presenting a few international compari­
sons, the purpose and meaning of the dual calcu­
lation should be explained.

A priori, taking into account the tendency for
mortality to decline in civilized countries, one
might suppose that mortality in Brazil during the
period 1920-1940 was lower than during the
period 1890-1920. Then, if the 1890-1920 life table
for Brazil faithfully describes the situation for
the period to which it refers, the numbers of
female survivors calculated according to that table
would be lower than those which would be ob­
tained from the actual mortality of 1920-1940; and
the net reproduction rate of 1.955, though so high,
should be presumed to be below the real figure.

But research subsequent to the computation of
the 1890-1920 life table for Brazil (see in particu­
lar the analyses in Study No. 30 of the above­
mentioned series of "applications") showed that
the overestimates which affected the results of the
1920 population census, had their repercussions
upon the calculations in that table resulting in
underestimation of the mortality rates and over­
estimation of the survival rates. It was thus ascer­
tained that both for the period 1890-1920 and for
the following period 1920-1940, the table referred
to gives figures for the survival.rate and the num­
bers of survivors that are too high.

It was therefore thought wise to calculate a
second fertility table, based on survivors derived
from the 1920 life table (Be Cap. Adjust.), which
has a higher mortality level than that of the Brazil
1890-1920 life table,21 and is probably approximate
to that effectively true for Brazil for the period
1920-1940. The net reproduction rate of 1.846
thus computed should not deviate greatly from the
true value, but for greater prudence, it could be
rounded to 1.80.28

By way of comparison, the net reproduction
rates calculated for the two countries with the
highest fertility rate among those considered in

mentioned study in No.9 of Revista Brasileira de Esta­
tistica, pp. 78 and 81.

%6 L, i'n the conventional symbols for life tables.
27 According to the 1920 life table (BC Cap. Adjust.),

the average annual life span of the new-born child is only
37.43, as compared with 3925 according to the 1890·1920
Brazil life table.

28 This figure was previously adopted, as a wise re­
duction, to summarize the calculations for the year 1920.
See the above-mentioned study in Revista Brosileira de
EsraUst"ico, No.9, p. 90.



the former comparisons may be recalled: 1.96 for
the Ukraine in 1896-1897 and 1.84 for Bulgaria
in 1901-1905.29

The two fertility tables calculated give propor­
tionate distributions of births by age of mother
at the time of birth which differ but little, as the
following data indicate.

The following averages of the ages of women at
birth of their children summarize the above fig­
ures:

Arithmetic mean of ages, 29.8 years;

Median age, 29.0 years;

Modal (i.e., most frequent) age, 26.S years.

It should be remembered that fertility tables
and hence the data given in the present paragraph
refer to a hypothetical generation, subject at each
year of age to a mortality rate equal to that ascer­
tained for Brazil, and having the same fertility
rate for each year of the female reproductive
period.

On the other hand, the data given in section 7
refer to the real population of Brazil, which is
growing rapidly and in which each generation is
usually larger than the preceding one.

By virtue of that difference, the contribution
from the women of the younger ages to the total
of live births is greater, and that from the more
advanced ages less, in the real population than in
the hypothetical generation. The arithmetic mean
age of the mothers at birth of their children is
28.6 for the real population, whereas it is 29.8
fot the hypothetical generation.

Z~ Calculations by Kuczynski (op. cit., pp. 12,. 31). By
the period 1926-1927 the net reproduction rate had fallen
to 1.68 in the Ukraine and l.4S in Bulgaria, according to

Proportionate distribution of
100,000 live births, py age of
mother at the tim,'of birth,
according to the fertility
tables based on the life tables

stated
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11. Calculation of intrinsic rate of natural
increase

Age (years)

FIGURE 4. Distribution by age of mother, of the live births
in the fertility table based on the life table for 1920 (Be

Cap. Adjust.) (data from column Cd) of table 8)
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With the aid of a life table and the corres­
ponding fertility table, it is possible to calcu­
late the constant annual rate of natural increase
which would occur in a hypothetical closed popu­
lation,30 in which the mortality rate at each year
of age and the fertility rate at each year of age of
the female reproductive period remained constantly
equal to t~ose indicated in the tables in question.

This rate (the "intrinsic rate of natural in­
crease" developed by Lotka) is 0.02295 if calcu­
lated on the 1890-1920 life table for Brazil or
0.02097 if calculated on the Be Cap. Adjust. 1920
life table. In other words, the rate of natural in-

calculations by the same author (op. cit. pp. 20, 31).
30 That is, not subject to migration out of or into the
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crease of the hypothetical population, whose age
composition is constant over time, would be about
23 or 21 per 1,000, according to the mortality rate
assumed. As already indicated, the second of the
life tables seems to be closer to reality, so that it
would be wise to adopt the second figure as the
most reliable value of the intrinsic rate of natural
increase corresponding to the mortality and fer­
tility situation in Brazil in the period 1920-1940.31

12. Summary

Cumulative and annual female fertility rates for
Brazil have been compared in the present study

!l In a previous study ("Life Tables and Their Appli­
- cations to Population:' Revisla Brasileira de Estatistica,

No. 19, 1944), G. Mortara cakulated the intrinsic rate of
natural increase for the period 1890-1920 as 0.02381. .

This figure, based on the Brazil 1890-192Q life table,
which subsequent analyses show to have been optimistic,
is an appreciable overestimate. The correct figure should

60

exclusively from the results of the 1940 census.

From the annual fertility rates it was possible
to calculate the birth rate.

With the aid of the life tables which had pre­
viously been calculated fertility tables according
to the two different death-rate hypotheses were
then constructed.

Lastly, from the fertility tables, the net repro­
duction rate and the intrinsic rate of natural in­
crease for Brazil were calculated.

These calculations demonstrate the very high
level of the birth rate, fertility rate and reproduc­
tive capacity of the population of Brazil.

be a little less than the figure 0.021 adopted in the present
study for the period 1920-1940, but definitely above that of
O.Q1S adopted for the period 1870-1890 (01'. cit. p. 347,
note 82).

Concerning the significance and process of c:alculatinlr
the intrins.ic rate of natural increase, the above-menuoned
stud:r may be consulted.
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